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EDITOR’S  VIEWPOINT 


Zipkin,  Fath,  Wolff,  and  Fitzgerald  (p. 
823)  studied  the  relationship  between  caries 
experience  and  salivary  citrate  concentration 
and  salivary  bacterial  counts  in  12-  to  14-year- 
old  boys  and  girls.  It  is  most  interesting  that 
the  females  showed  a  significant  inverse  re¬ 
lationship  between  prevalence  of  caries  and 
salivary  citrate  concentration  and  between 
counts  of  salivary  streptococcus  and  lacto- 
hacillus  and  salivary  citrate  levels  but  that 
these  relationships  were  not  found  in  the 
male.  Differences  between  factors  in  the 
male  and  female  in  relationship  to  caries 
have  been  noted  previously  and  yet  no  ready 
explanation  is  offered. 

Green,  Weisenstein,  and  Permar  (p.  828), 
in  correlation  with  a  dentifrice  study,  in¬ 
vestigated  the  relationship  between  salivary 
lactobacillus  indices  and  caries  increment  in 
394  children.  No  correlation  was  found  be¬ 
tween  past  caries  history  and  salivary  counts 
of  lactobacilli.  The  salivary  lactobacillus  in¬ 
dex  corresponded  to  new  carious  lesions  in 
the  succeeding  year  only  on  a  group  basis, 
not  when  considered  individual  by  individual. 
In  a  small  group,  a  definite  reduction  in 
lactobacilli  and  in  new  carious  lesions  was 
correlated  with  the  degree  of  dental  restora¬ 
tion.  Since  many  early  studies  on  lactobacil- 
lus-caries  relationship  were  made  in  patients 
under  treatment  (i.e.,  dietary  control  and 
dental  care)  perhaps  the  lactobacillus  index 
has  more  value  in  this  type  individual  than 
in  untreated  individuals. 

Edmonds,  Bell,  and  Beerstecher  (p.  839) 
used  an  organism  (Leuconostoc  mesenter- 
oides)  to  assay  salivary  tryptophan  because 
it  does  not  have  the  ability  to  substitute  in¬ 
dole  for  tryptophan  and  because  of  its  sen¬ 
sitivity.  They  found  somewhat  lower  tryp¬ 
tophan  values  for  saliva  than  had  most 
previous  investigators.  W^hile  their  correla¬ 
tions  with  DMF  appear  definite  from  the 
raw  data,  statistical  analysis  failed  to  show 
significance.  Of  course,  it  must  be  recognized 
that  the  DMF  recorded  past  caries  activity 
and  the  salivary  tryptophan  levels  were  for 
the  time  of  collection. 

Wolfe  and  Turner  (p.  843)  investigated 
tlie  salivary  peroxidase  activity  of  children. 
A.  relationship  between  peroxidase  activity 
and  very  low  and  very  high  dental  caries  ac¬ 
tivity  was  indicated.  They  suggested  that 


salivary  peroxidase  may  have  relationship  to 
carbohydrate  metabolism  and  thereby  to 
dental  caries. 

Aldolase,  an  enz)rme  of  the  anaerobic  gly¬ 
colytic  cycle  involved  in  the  caries  process, 
was  investigated  in  saliva  by  Hoerman  and 
Robinson  (p.  852).  They  adapted  and  stand¬ 
ardized  a  method  and  then  applied  it  to 
stimulated  whole  and  parotid  saliva.  They 
believed  the  method  better  for  whole  saliva. 
Saliva  from  caries-immune  individuals  had 
about  one  half  the  aldolase  activity  of  that 
from  those  caries-susceptible.  The  inhibition 
of  aldolase  activity  by  cystine  strongly  sug¬ 
gests  that  salivary  aldolase  is  derived  from 
bacteria  and  yeasts. 

Phipps  and  Marcuse  (p.  862)  studied  the 
relationship  between  anxiety  and  dental  caries. 
Using  the  DMFT  index  for  dental  caries  and 
the  Taylor  Anxiety  Scale  they  were  unable 
to  demonstrate  a  correlation  between  anxiety 
and  dental  caries.  They  point  out,  however, 
that  this  may  be  due  to  the  fact  that  the 
Taylor  Anxiety  Scale  may  not  adequately 
discriminate  the  anxious  from  nonanxious 
subjects,  or  to  lack  of  sensitivity  of  the 
DMFT  index.  The  relationship  between 
anxiety,  and  other  psychologic  states,  and 
dental  caries  has  been  discussed  by  many 
authorities  for  some  time  but  definitive  in¬ 
vestigations  that  are  well  controlled  have  not 
definitely  established  any  relationship.  It  is 
interesting  to  note  that  authors  could  find 
no  significant  difference  in  the  mean  pH  of 
the  saliva  of  the  group  with  high  anxiety  as 
compared  with  the  patients  with  low  anxiety. 
Since  it  has  been  suggested  that  anxiety 
might  influence  dental  caries  through  changes 
in  the  saliva  this  finding  should  be  of  some 
significance. 

Standish  and  Shafer  (p.  866)  ligated  the 
ducts  of  the  sublingual  and  submaxillary 
salivary  glands  of  rats  and  also  ligated  the 
associated  blood  vessels.  Duct  ligation  resulted 
in  atrophy  of  the  acinar  cells  with  loss  of 
function.  Ranula-like  lesions  were  not  pro¬ 
duced.  Ligation  of  arteries  produced  infarcts 
of  the  glands,  while  combined  duct-artery 
ligation  led  to  the  same  changes  seen  in  both 
ligations  when  done  independently.  The 
ductal  epithelium  appeared  to  be  more  re¬ 
sistant  than  the  acinar  cells.  The  authors 
point  out  that  this  persistent  quality  of  the 
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ductal  epithelium  may  permit  it  to  proliferate 
under  the  influence  of  toxic  substances,  such 
as  carcinogens,  which  may  produce  degenera¬ 
tion  in  acinar  cells. 

Bixler  and  Muhler  (p.  880)  pair-fed  groups 
of  rats  with  and  without  supplemental 
desiccated  thyroid.  The  results  indicate  that 
thyroid  intake,  not  food  intake  level,  signifi¬ 
cantly  influences  dental  caries  in  the  rat  under 
the  conditions  of  study. 

Although  reduction  of  salivary  flow  has 
been  shown  to  increase  caries  in  the  rat,  the 
effect  of  increased  flow,  alone,  had  not  been 
recorded.  Muhler,  Bixler,  and  Shafer  (p. 
883)  used  pilocarpine  to  increase  salivary 
flow  in  rats  and  found  that  caries  activity 
was  reduced.  However,  the  relationship  is 
not  simple  for,  while  2  mg.  daily  resulted 
in  significant  reduction,  6  or  12  mg.  per  day 
did  not,  despite  increased  flow.  It  is  sug¬ 
gested  that  the  effect  of  desiccated  thyroid 
in  reducing  caries  may  be  through  increased 
salivary  flow,  although  further  studies  are 
indicated  before  definite  conclusions  are 
drawn. 

A  very  interesting  and  unexplained  dif¬ 
ference  between  dental  caries  rates  in  rats 
from  which  the  salivary  glands  have  been 
extirpated,  and  rats  in  which  the  ducts  of 
those  glands  have  been  ligated,  is  reported 
by  Muhler  and  Shafer  (p.  886).  The  ligated 
animals  developed  significantly  more  caries 
than  the  desalivated  animals  and  the  great 
increase  in  caries  is  the  result  of  maxillary 
caries  in  the  ligated  animals.  One  obvious 
explanation  might  lie  differences  in  food  con¬ 
sumption  but,  since  the  ligated  animals  have 
smaller  body  sizes  and  since  previous  studies 
have  shown  that  restriction  of  food  reduces 
dental  caries,  this  explanation  does  not  ap¬ 
pear  adequate. 

These  “Viewpoints”  have  repeatedly  ques¬ 
tioned  the  advisability  of  using  powdered 
enamel  technics  to  evaluate  the  caries-pre¬ 
ventive  potential  of  various  agents.  Muhler 
(p.  889)  has  described  and  tested  a  metho<l 
which  measures  the  solubility  of  whole  tooth 
surfaces  and  uses  each  tooth  as  it  autocontrol. 
Using  this  method,  he  found  that  stannous 
fluoride  and  stannous  chlorofluoride  were 
much  more  effective  than  8  other  fluorides 
in  reducing  the  solubility  of  enamel.  This 


technic  apparently  offers  an  accurate  survey 
of  the  ability  of  any  given  agent  to  reduce 
the  solubility  of  enamel  and  therefore  is  a 
screening  device  for  caries-reducing  poten¬ 
tiality  of  agents  designed  to  reduce  caries 
activity  by  this  method.  We  do  not  concede 
that  such  methods  replace  clinical  studies. 

Although  a  direct  relationship  between  hu¬ 
man  urinary  selenium  and  caries  has  been 
reported,  injections  of  selenium  failed  to 
reduce  rat  caries.  Muhler  and  Shafer  (p. 
895)  supplemented  a  cariogenic  diet  fed  to 
rats  with  selenium  without  observing  any 
effect  on  dental  caries.  \Vhile  these  experi¬ 
ments  do  not  discount  the  observations  on 
human  caries,  they  do  indicate  that  any  new 
finding,  whether  from  epidemiologic  studies, 
experiment,  synthesis,  or  observations,  should 
be  evaluated  by  different  methods  whenever 
possible. 

Buttner  and  Muhler  (p.  897)  applied 
fluoride  solutions  to  rat  teeth,  in  vivo,  and 
then  determined  the  solubility  of  the  enamel, 
post-mortem.  The  results  paralleled  those 
obtained  in  human  subjects,  clinically,  using 
sodium  and  stannous  fluorides.  When  the 
study  was  extended,  using  rat  teeth  in  situ, 
but  post-mortem,  for  application  of  the  fluo¬ 
ride  solutions,  the  results  were  quite  different, 
although  stannous  fluoride  continued  to  dem¬ 
onstrate  superiority  over  sodium  fluoride.  It 
was  most  interesting  to  observe  that  the  un¬ 
treated  maxillary  teeth  showed  reduced  enamel 
solubility  in  mouths  where  the  mandibular 
teeth  were  treated,  pointing  up  the  fallacy 
of  the  “half -mouth  technic”  for  investiga¬ 
tion  of  disease-controlling  agents. 

Losee,  Van  Reen,  Peckham,  Hess,  Hender¬ 
son,  and  Gerende  (p.  904)  fed  rats  diets  with 
different  casein-sucrose  ratios.  Maximum 
body  weight  was  attained  by  animals  on  the 
median  casein  (30%)  diet,  femur  weight  was 
greatest  on  the  high  (40%)  casein  diet,  and 
incisor  weight  increased  with  casein  percent¬ 
age.  There  was  difference  in  caries  activity 
between  the  casein  (20,  30,  40%)  diets  but 
the  control  diet  animals  developed  more  caries. 

Although  to  some,  the  microstructure  of  the 
hard  tissues  of  the  teeth  may  appear  to  be 
a  closed  book,  there  is  still  a  great  deal  of 
important  investigation  of  these  tissues  that 
should  add  greatly  to  our  knowledge.  Losee, 
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Jennings,  Lawson,  and  Forziati  (p.  911), 
using  polarized  light  fluorescence,  microra¬ 
diographic  technics,  and  ultraviolet  adsorp¬ 
tion  technics,  made  a  detailed  study  of  the 
dentinoenamel  junction.  Their  findings  con¬ 
firm  the  presence  of  a  hypermineralized  zone 
in  the  enamel  adjacent  to  the  dentin  and 
next  to  this  a  broad  zone  of  reduced  miner¬ 
alization.  The  tufts  were  observed  as  groups 
of  organic  material,  probably  of  inter-rod 
nature.  The  utilization  of  different  technics 
of  examination  has  permitted  interpretations 
which  were  not  available  with  single  methods 
of  investigation. 

Russell  (p.  922),  from  analysis  of  data 
obtained  from  3  independent  groups,  found 
the  severity  of  periodontal  disease  associated 
with  an  “undefined  social  factor.’’  This 
factor  was  related  to  the  levels  of  education 
of  the  communities,  or  individuals,  although 
presence  or  absence  of  periodontal  disease 
was  nearly  equal  at  different  educational 
levels.  Russell  suggests  that  the  etiologic 
factors  in  periodontal  disease  may  be  distinct 
from  those  factors  controlling  the  severity 
of  the  disease  once  it  is  initiated.  If  this 
observation  is  substantiated  careful  re-evalua¬ 
tion  of  causative  factors  and  controlling 
factors  may  reveal  valuable  information. 

The  phenomenon  of  gingival  enlargement 
which  often  follows  the  administration  of 
Dilantin  in  treatment  of  epilepsy  is  most 
fascinating.  Why  does  Dilantin  selective 
enlarge  gingivae  and  why  does  removal  of 
teeth,  which  eliminates  the  gingiva,  as  defined 
for  anatomic  purposes,  but  does  not  remove 
its  basic  tissue  of  origin,  eliminate  Dilantin 
enlargement?  Forscher  and  Cecil  (p.  927) 
attacked  the  problem  by  biochemical  analysis 
of  tissues  in  animals  treated  with  Dilantin. 
A  decrease  in  the  acid-soluble  phosphorus  of 
the  uninflamed,  Dilantin-treated  oral  tissues 
was  significant.  Gingival  enlargement  was 
not  observed. 

Neff  and  Rosenthal  (p.  932)  investigated 
the  possible  transmission  of  bacteria  on  pen¬ 
cils,  pens,  bracket  tables,  and  by  metallic 
handles  in  the  dental  office.  Their  study  re¬ 
vealed  the  presence  of  pathogenic  organisms 
persisting  for  as  long  as  3  hours  on  these 
instruments.  The  authors  suggested  that  a 
vigorous  rubbing  for  15  seconds  with  gauze 
saturated  with  a  1:1000  aqueous  solution  of 


benzalkonium  chloride  will  remove  the  or¬ 
ganisms  without  damage  to  the  apparatus. 
This  is  no  doubt  an  important  office  procedure 
that  has  often  been  overlooked. 

Salley  and  Bryson  (p.  935)  placed  ham¬ 
sters  on  vitamin  A  deficiency  diets  and  as¬ 
certained  that  vitamin  A  is  an  essential 
nutrient  for  hamsters.  The  changes  were 
found  primarily  in  the  salivary  glands,  in 
the  respiratory  mucosa,  the  odontogenic  tis¬ 
sue,  and  the  gonads.  Since  dental  caries 
may  readily  be  affected  by  the  changes  in 
the  salivary  glands,  the  authors’  point  out 
that  this  factor  should  be  carefully  evaluated 
in  hamsters  being  used  for  cariogenic  studies. 
Careful  anatomic  and  physiologic  studies  of 
laboratory  animals,  including  their  nutrition, 
is  most  important  to  the  careful  investigator, 
and  basic  contributions  of  this  nature  are 
highly  important  to  the  advancement  of 
science  in  the  experimental  field. 

Semmelman  (p.  945)  describes  a  method  for 
measuring  the  porosity  of  porcelain  teeth. 
The  development  of  vacuum-fired  porcelain 
permitted  the  manufacture  of  teeth  with  in¬ 
creased  porosity  but  standard  methods  for 
evaluating  this  porosity  wer  inaccurate. 

Three  different  methods  are  capable  of 
producing  increased  density  in  artificial  por¬ 
celain  teeth.  Vines  and  Semmelman  (p.  950) 
evaluated  these  methods  and  point  out  the 
advantages  and  disadvantages  of  each.  While 
a  method,  such  as  vacuum  firing,  produces 
excellent  density,  it  is  a  rather  expensive  man¬ 
ufacturing  process  and,  for  that  reason, 
becomes  somewhat  impractical.  The  method 
which  is  most  economical  is  that  of  using 
pressure.  While  this  does  produce  porcelain 
of  increased  density,  it  does  not  do  it  by 
preventing  the  formation  of  bubbles  but 
by  reducing  the  bubbles  to  small  dimensions 
through  pressure.  The  size  of  bubbles  is 
highly  important,  not  only  in  regard  to  the 
density  of  the  porcelain,  but  also  in  its 
translucency. 

Charbeneau,  Peyton,  and  Anthony  (p.  957) 
used  an  electronic  instrument  to  measure 
the  surface  roughness  of  enamel  and  dentin 
after  cutting  with  various  disks,  stones,  and 
burs.  Carborundum  disks  produced  smoother 
surfaces  than  diamond  and  lightning  disks; 
cylindrical  diamond  points  produced  more 
roughness  than  steel  or  carbide  burs;  and  a 
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white  finishing  stone  left  only  half  the  rough¬ 
ness  left  by  a  green  finishing  stone.  The 
authors  point  out  that  deep  grooves  produced 
by  these  rotary  instruments  in  enamel  may 
undermine  a  number  of  rods  and  weaken  the 
filling  margin  and  that  adaptation  may  be 
less  accurate.  On  the  other  hand,  one  should 
not  overlook  the  possible  role  of  surface  ir¬ 
regularities  in  the  dentin  aiding  in  retention 
of  certain  restorative  materials. 

Donnison,  Chong,  and  Docking  (p.  967), 
using  experimental  investments  with  graded 
sizes  of  quartz  or  galena  as  70  per  cent  of 
the  material,  found  that  particle  size  did 
influence  the  hygroscopic  setting  expansion 
but  that  the  variation  was  relatively  small 
within  the  ranges  of  size  used  in  dental  in¬ 
vestments.  The  similarity  of  results  with 
quartz  and  galena  indicates  that  silica  does 
not  have  a  specific  function  in  hygroscopic 
expansion  of  the  materials. 

Docking  (p.  974)  evaluated  the  expansion 
of  casting  investments  under  ordinary  con¬ 
ditions  of  setting  and  the  hygroscopic  technic. 
It  is  suggested  that  the  same  factors  influence 
expansion  under  either  process  and  therefore 
the  modifications  which  alter  expansion  under 
ordinary  methods  would  also  be  effective  un¬ 
der  hydroscopic  conditions. 

Norman,  Swartz,  and  Phillips  (p.  977)  in¬ 
vestigated  the  solubility  of  silicates  and  zinc 
phosphate  cements  in  water  and  in  organic 
acids.  Because  of  the  probability  of  organic 
acids  existing  about  cement  used  in  restora¬ 
tive  dentistry,  the  solubility  in  organic  acids 
appears  most  important.  The  materials  were 
generally  more  soluble  in  organic  acids,  es¬ 
pecially  citric  acid,  than  in  water.  Zinc 
phosphate  cements,  surprisingly,  were  more 
soluble  than  silicates  when  fresh  solutions 
were  used  daily. 

Eyge,  Telford,  and  Fairhurst  (p.  986), 
from  x-ray  diffraction  and  compression  stud¬ 
ies,  conclude  that  thorough  trituration  at  an 
optimal  ratio  followed  by  condensation  at 
the  earliest  possible  time,  and  at  the  high¬ 
est  possible  load,  develops  dental  amalgam 


of  maximum  strength.  These  are  procedures 
well  within  the  control  of  the  dentist  placing 
the  restorations. 

Gam  and  Lewis  (p.  992)  found  that  the 
sequence  of  molar-premolar  eruption  does  not 
always  follow  their  sequence  of  calcification. 
Although  most  individuals  with  the  second 
premolar  preceding  the  second  molar  in  cal¬ 
cification  have  a  similar  sequence  of  erup¬ 
tion,  in  half  of  the  group  of  children  studied 
with  second  molar  formation  preceding  sec¬ 
ond  premolar  formation,  a  reversal  occurred 
in  eruption  sequence.  The  authors  point  out 
the  fallacy  of  predicting  erupting  sequence 
from  sequence  of  formation  and  show  that 
this  may  lead  to  erroneous  conclusions  in 
studies  of  fossil  remains. 

Scott  (p.  996)  describes  the  basic  form  of 
the  tooth-bearing  bones  as  a  catenary-like 
arch.  Postnatally,  the  dental  arches  of  many 
animals  show  deviation  from  this  early  form 
but  the  basal  form  remains  more  or  less  con¬ 
stant.  This  change  in  dental  arch  form  is 
attributed  to  the  alveolar  process  growth 
rather  than  to  muscular  influences.  The 
catenary  form  remains  in  man  because 
alveolar  process  growth  is  fairly  equal  in 
all  directions.  This  concept  has  also  been 
stated  as  the  tendency  of  bone  development 
to  remain  constant  for  individuals  based  on 
inherent  qualities. 

This  volume  of  the  Journal,  the  last  com¬ 
plete  volume  to  be  edited  by  the  present 
editor,  is  the  largest  ever  published  in  the 
37  years  of  the  Journal’s  existence.  With 
the  completion  of  this  volume  the  gap  be¬ 
tween  receipt  for  publication  and  actual 
appearance  of  the  papers  is  not  a  very  serious 
problem.  The  unrealistic  situation  of  one 
year  ago  has  been  greatly  alleviated  through 
the  cooperation  of  our  Supporting  Associates. 
As  dental  research  activity  increases,  greater 
support  will  be  essential,  but  the  problem 
\vill  not  be  unsolvable  if  the  friends  of 
dental  research  continue  and  increase  their 
support. 

H.  B.  G.  R. 


THE  RELATION  OF  SALIVARY  CITRATE  TO  DENTAL  CARIES 
EXPERIENCE  IN  CHILDREN  12  to  14  YEARS  OLD 

I.  ZIPKIN,  E.  H.  FATH,  H.  L.  WOLFF,  AND  R.  J.  FITZGERALD 

National  Institute  of  Dental  Eesearch,  National  Institutes  of  HecUth,  Public  Health  Service, 
U.  8.  Department  of  Health,  Education  and  Welfare,  Bethesda,  Md. 

IN  THE  etiology  of  dental  caries,  decalcification  of  enamel  and  dentin  is  ac¬ 
corded  a  prominent  role.^  The  citrate  ion  under  essentially  neutral  condi¬ 
tions  will  decalcify  enamel  and  dentin  in  the  rat  when  present  in  the  drinking 
water.®'  ®  When  1  per  cent  sodium  citrate  was  added  to  a  diet  producing  occlu¬ 
sal  caries  in  the  rat,  no  significant  change  in  the  caries  picture  was  evident.* 
Gustafson,  Stelling,  Abrahamson,  and  Brunius,®  however,  found  that  the  addi¬ 
tion  of  4  per  cent  sodium  citrate  to  a  purified  diet  producing  caries  in  the 
hamster  significantly  reduced  the  cariogenicity  of  the  diet. 

Although  the  presence  of  citrate  in  human  saliva  has  been  clearly  estab¬ 
lished,®*®®  no  attempts  have  been  made  to  relate  its  concentrations  to  various 
oral  conditions*  with  the  exception  of  some  studies  on  dental  erosion.®’  *  The 
primary  purpose  of  the  present  investigation,  therefore,  was  to  study  the  rela¬ 
tion  between  salivary  citrate  and  dental  caries  experience.  Since  citrate  is 
rapidly  utilized  by  oral  microorganisms,®  the  streptococcus  and  lactobacillus 
populations  were  determined  in  order  to  establish  if  these  2  groups  among  the 
total  oral  flora  could  account  for  any  change  of  citrate  in  saliva. 

EXPERIMENTAL 

Two  groups  of  children,  differing  markedly  in  their  caries  experience,  were 
selected  as  follows:  the  average  number  of  DMF  teeth  of  12  to  14-year-old 
children  who  were  permanent  residents  of  Grand  Rapids,  Michigan,  was  7.7  ±  4.4 
and  8.9  ±  4.6  for  the  boys  and  girls,  respectively,  in  1949.'®  DMF  scores  vary¬ 
ing  from  the  mean  by  more  than  one  standard  deviation  were  placed  in  either 
the  “low”  or  “high”  DMF  categories.  Thus,  a  DMF  score  of  4  or  less  was 
considered  low  for  both  sexes,  and  a  score  of  at  least  12  for  the  boys  and  14 
for  the  girls  was  considered  high.  Only  the  data  from  144  children  available 
in  both  1949  and  1952  are  presented. 

Whole  paraffin-stimulated  saliva  was  collected  in  January,  1950,  and  in 
March,  1953,  for  citrate  analysis  by  procedures  previously  described.®’  ®®  In 
March,  1953,  only,  the  saliva  sample  obtained  for  citrate  analysis  was  imme¬ 
diately  followed  by  a  second  collection  without  preservative  for  the  estimation 
of  streptococci  and  lactobacilli.  All  samples  were  received  within  48  hours  after 
collection,  streptococcus  and  lactobacillus  counts  made  immediately,  and  the 
citrate  analyses  were  carried  out  within  5  days.t 

Received  for  publication  March  6,  1957 ;  revised  by  authors  May  15,  1957. 

•Cartier,  Cartier  and  Picard“  sugrirested  that  the  citrate  concentration  of  whole  saliva 
may  be  lower  in  caries-susceptible  than  in  caries-resistant  individuals.  No  data,  however, 
were  griven. 

tThe  citrate  content  of  saliva  to  which  concentrated  H]S04  had  been  added  to  give  a 
concentration  of  approximately  3  per  cent  was  found  to  be  stable  for  at  least  7  days. 
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For  the  streptococcus  counts,  0.2  ml.  of  a  1-20,000  dilution  of  saliva  in 
0.03  per  cent  yeast  extract  (BBL)  solution  was  added  to  15  ml.  of  crystal 
violet-azide  agar  containing  5  per  cent  defibrinated  sheep  blood.  After  the 
samples  were  thoroughly  mixed,  the  plates  were  poured  and  incubated  for  72 
hours  at  37°  C.  No  beta  hemolytic  streptococci  were  seen  so  that  the  counts 
represent  the  total  number  of  alpha  and  gamma  types  of  streptococci. 

'  Lactobacillus  counts  were  made  by  a  modification  of  the  shake  tube  test 
described  by  Rogosa,  and  Wiseman,'^  in  which  the  sodium  alizarin  sulfonate  was 
replaced  by  bromcresol  green  (0.002  per  cent).  The  salivas  were  diluted  1-20 
with  an  0.03  per  cent  yeast  extract  (BBL)  solution.  Two  tenths  milliliter  of  the 
diluted  saliva  was  transferred  into  4.0  ml.  of  Rogosa ’s  medium,  as  modified 
above,  thoroughly  mixed,  and  incubated  for  48  hours  at  37°  C. 

It  has  been  shown  that  the  citrate  content  of  the  urine  varies  during  the 
menstrual  cycle,  being  lowest  during  the  menses.'®  Since  a  number  of  the  sub¬ 
jects  in  the  present  study  were  of  menstrual  age,  the  salivary  excretion  of  citric 
acid  during  a  complete  menstrual  cycle  was  investigated.  Daily,  paraffin-stim¬ 
ulated  saliva  samples  obtained  at  9 :00  a.m.  during  6  complete  menstrual  cycles 
from  5  young  adults  were  analyzed  for  citrate.  No  change  was  observed  in 
the  salivary  concentration  of  citrate  during  the  menstrual  cycle  as  shown  in 
Table  I.  It  appears  that  the  citrate  in  saliva  is  not  altered  by  the  hormonal 
influences  reported  to  affect  the  citrate  concentration  of  urine. 


Table  I 

Correlation  of  Salivary  Citrate  Concentration  With  the  Menstrual  Cycle 


menstrual 

PERIOD 

NON-MENSTRUAL  PERIOD 

subject 

DAYS 

MEAN  ±  STANDARD  ERROR 
(MG.  %) 

DAYS 

MEAN  ±  STANDARD  ERROR 
(MO.  %) 

1 

5 

0.97  ±  0.11 

25 

0.90  ±  0.04 

2 

12* 

0.67  ±  0.05 

18 

0.72  ±  0.03 

3 

5 

0.44  ±  0.06 

27 

0.44  ±  0.02 

4 

5 

0.77  ±  0.03 

27 

0.74  ±  0.03 

5 

5 

0.79  ±  0.07 

27 

0.70  ±  0.03 

*Two  menstrual  periods. 


RESULTS 

1.  Caries  Experience. — The  number  of  DMF  teeth  in  1950  in  both  the  low 
and  high  DMF  categories,  as  well  as  the  increase  in  the  number  of  DMF  teeth 
in  both  categories  during  the  subsequent  3-year  period,  is  presented  in  Table 
II.  Since  children  15  to  17  years  of  age  have  28  erupted  teeth,  the  caries 
activity  during  1950-1953  may  be  calculated  as  follows: 

No.  of  teeth  which  became  carious,  1950-1953  ^ 

No.  of  teeth  which  could  become  carious,  1950-1953  ’ 

or  stated  briefly: 

Increase  in  DMF  _ 

28— DMF  in  1950  ^ 

The  children  in  both  the  low  and  high  DMF  categories  in  1950  showed  a  similar 
increase  in  the  number  of  new  DMF  teeth.  The  per  cent  of  remaining  sound 
teeth  per  individual  becoming  carious  (Table  II)  is  greater  in  the  high  DMF 
category  and  reflects  the  greater  number  of  DMF  teeth  in  1950  which  in  turn 
decreases  the  denominator  in  the  expressions  given  above. 
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2.  Citrate  Concentration. — As  shown  in  Table  II,  the  mean  citrate  concen¬ 
tration  increased  fairly  uniformly  within  each  category  from  1950  to  1953. 
The  increases  were  0.16  mg.  %  and  0.17  mg.  %  for  the  high  and  low  DMF 
males,  respectively,  and  0.18  mg.  %  and  0.15  mg.  %  for  the  high  and  low  DMF 
females,  respectively.  The  mean  citrate  concentrations  were  the  same  for  the 
high  and  low  DMF  males  in  both  1950  (0.58  mg.  %)  and  1953  (0.74  mg.  %  and 
0.75  mg.  %,  respectively).  The  females,  however,  showed  a  significantly  higher 
concentration  (p  <  0.01)  for  the  low  DMF  children  than  for  the  high  DMF 
group  in  both  1950  and  1953. 

Table  II 

Average  Values*  fob  Streptococcus  Counts  and  Lactobacillus  ScoRESt  and  Citrate 
Content  op  Whole  Saliva  From  Children  12  to  14  Years  of  Age 
OF  Grand  Rapids,  Michigan 


MALE  FEMALE 

high  I  IX)W  HIGH  I  LOW 


Number 

27 

47 

35 

35 

DMF  teeth  1950 
Increase  in  DMF 

14.2 

+ 

0.6 

3.1 

+ 

0.2 

17.4 

+ 

0.5 

3.2 

+ 

0.2 

teeth  1950-1953 

Per  cent  remaining 

2.6 

+ 

0.5 

2.6 

+ 

0.4 

2.6 

+ 

2.4 

3.1 

+ 

0.3 

sound  teeth  becom¬ 
ing  carious 

18.5 

+ 

3.5 

10.5 

+ 

1.5 

24.4 

+ 

3.9 

12.4 

+ 

1.4 

1950  Citrate  (mg.  %) 

0.58 

0.05 

0.58 

~~£' 

0.03 

0.43 

0.03 

0.63 

0.05 

1953  Citrate  (mg.  %) 
1953  Strep,  count 

0.74 

+ 

0.04 

0.75 

± 

0.04 

0.61 

± 

0.05 

0.78 

+ 

0.05 

(xl0«) 

26.3 

+ 

3.7 

17.2 

± 

1.4 

19.8 

+ 

2.1 

13.9 

+ 

1.8 

1953  Lacto.  score 

3.0 

0.2 

2.7 

+ 

0.1 

2.8 

+ 

0.2 

2.1 

+ 

0.2 

*Mean  ±  standard  error. 

tLactobacillus  scores:  1.  <  1,000  cells/tnl. ;  2.  1,000-10,000  cells/ml.;  3.  10,000-50,000 
cells/ml. :  4.  >  50,000  cells/ml. 


3,  Bacteriologic  Studies. — The  1953  streptococcus  counts  were  higher  by 
about  50  per  cent  (p  <  0.05)  for  the  high  DMF  children  regardless  of  sex. 
The  lactobacillus  scores  were  also  higher  in  the  high  DMF  children  than  in  the 
low  DMF  children  although  the  difference  was  significant  only  for  the  females 

(p  <  0.02). 

DISCUSSION 

1.  Caries  Experience. — It  is  difficult  to  accurately  measure  caries  suscep¬ 
tibility.  As  shown  in  Table  II,  the  low  and  high  DMF  children  both  showed 
similar  increases  in  the  number  of  DMF  teeth  over  the  same  3-year  period. 
However,  in  the  low  DMF  category,  approximately  11  per  cent  of  the  25  re¬ 
maining  mean  sound  teeth  per  individual  in  1950  became  carious  by  1953.  In 
the  high  DMF  category,  approximately  22  per  cent  of  the  12  remaining  sound 
teeth  in  1950  became  carious  by  1953,  so  that  the  former  group  was  relatively 
caries  immune,  since  the  attack  rate  was  only  half  that  of  the  latter  group. 
In  addition,  the  teeth  that  became  carious  in  the  high  DMF  group  were  chiefly 
incisors  which  are  not  as  subject  to  attack  as  arc  the  molars.  It  appears,  there¬ 
fore,  that  the  children  in  the  low  DMF  category  in  1950  remained  relatively 
caries  resistant  during  the  period  1950-1953,  as  compared  to  the  children  in 
the  high  DMF  category. 
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2.  Citrate  Concentration. — The  uniform  increase  of  citrate  within  a  period 
of  3  years  is  interesting.  In  a  previous  report,®  an  equation  was  proposed 
relating  the  citrate  content  of  whole  saliva  to  age  in  individuals  27  to  68  years 
old.  By  applying  the  equation  to  the  present  study,  it  would  be  estimated  that 
during  the  interval  of  12  to  16  years  of  age,  the  increment  in  citrate  concentra¬ 
tion  would  be  0.04  mg.  %.  Since  the  DMF  rate  would  be  considerably  greater 
in  the  present  study  than  in  the  adults,  aged  27  to  68  years  in  the  previous 
report  and  since  the  actual  increment  was  fourfold  greater  in  the  present  re¬ 
port,  it  appears  likely  that  factors  other  than  age  are  contributing  to  the  rela¬ 
tively  larger  increment  in  the  present  study. 

As  shown  in  Table  II,  the  mean  concentration  of  citrate  was  inversely 
related  to  caries  experience  in  the  female*  in  both  1950  (p  <  0.01)  and  1953 
(p  <  0.02),  but  not  in  the  male.  The  possibility  of  an  inverse  relationship 
between  citrate  concentration  and  caries  experience  gains  further  support  from 
the  work  of  Gustafson,  Stelling,  Abrahamson,  and  Brunius®  who  added  4  per 
cent  sodium  citrate  to  a  cariogenic  purified  diet  in  the  hamster  and  significantly 
reduced  caries  (p  <  0.01),  although  addition  of  only  1  per  cent  sodium 
citrate  to  a  diet  producing  occlusal  caries  in  the  white  rat®  failed  to  effect  a 
significant  change  in  the  development  of  caries.  The  variation  in  results  may 
be  due  to  species  differences  or  to  the  concentration  of  sodium  citrate  admin¬ 
istered. 

3.  Ba^teriologic  Stiidies. — In  1953,  streptococcus  and  lactobacillus  counts 
were  made  in  addition  to  determinations  for  citrate.  In  females,  a  high  strep¬ 
tococcus  and  lactobacillus  count  was  associated  with  a  low  citrate  concentra¬ 
tion.  This  relation,  however,  was  not  observed  in  males.  Thus,  it  is  possible, 
that  the  significantly  lower  salivary  citrate  in  females  with  the  larger  number 
of  DMF  teeth  is  a  reflection  of  the  elevated  streptococcus  and  lactobacillus 
counts  and  possibly  also  the  total  flora.  It  has  been  shoAvn  that  the  citrate 
content  of  whole  saliva  is  rapidly  destroyed  by  oral  microorganisms,®  so  that 
approximately  80  per  cent  may  be  lost  on  standing  for  1  hour  at  room  tem¬ 
perature.®  Parotid  saliva,  which  was  essentially  sterile  under  the  conditions 
of  collection,  showed  no  loss  of  citrate  under  the  same  conditions.^®  The  citrate 
concentration  of  parotid  saliva  exceeds  that  in  whole  saliva  in  the  same  indi¬ 
vidual^®  and  further  supports  the  view  that  citrate  is  not  primarily  a  product 
of  bacterial  metabolism  in  the  oral  cavity. 

It  would  appear,  therefore,  that  attempts  to  relate  the  citrate  content  of 
whole  saliva  to  dental  caries  experience  must  take  into  account  the  ability  of 
the  oral  flora  to  utilize  citrate. 


SUMMARY 

Whole,  paraffin-stimulated  saliva  was  collected  from  144,  12-  to  14-year- 
old  children  in  1950  and  again  in  1953.  On  the  basis  of  the  number  of  DMF 
teeth  in  1950,  the  children  were  placed  in  either  a  low  DMF  (<  4  DMF  teeth) 

•Sex  differences  in  other  salivary  constituents  have  been  observed  previously  in  human 
beings’*'  ••  as  well  as  in  animals.” 
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or  a  high  DMF  category  ( >  12  DMF  teeth  for  boys  and  >  14  DMF  teeth  for  the 
girls).  The  increase  in  the  number  of  DMF  teeth  in  1950-1953  was  2.6  for 
both  the  high  and  low  DMF  males,  and  2.6  and  3.1  for  the  high  and  low  females, 
respectively. 

Whole  saliva  was  analyzed  for  citrate  in  1950  and  1953,  and  streptococcus 
and  lactobacillus  populations  were  determined  in  1953  only.  The  females  showed 
a  statistically  significant  inverse  relation  between  salivary  citrate  concentration 
and  prevalence  of  caries  in  both  1950  and  1953,  whereas  no  such  relation  was 
seen  in  the  male.  Both  the  streptococcus  and  the  lactobacillus  counts  were  in¬ 
versely  related  to  the  salivary  citrate  concentration  in  the  female,  whereas  a 
similar  relation  was  not  seen  in  the  male. 

We  are  grateful  to  Mr.  W.  L.  Harris,  water  plant  supervisor  of  Grand  Rapids,  Mich., 
for  use  of  the  laboratories  of  the  filtration  plant  during  certain  phases  of  the  study.  We  are 
also  grateful  to  Mrs.  Virginia  L.  Dubois,  who  assisted  in  organization  of  the  study  and  in 
collection  of  the  saliva  samples. 
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STUDIES  ON  SALIVARY  LACTOBACILLI  AND  DENTAL  CARIES  IN 
CHILDREN  DURING  A  DENTIFRICE  TEST  PROGRAM 

GORDON  E.  GREEN,  PAUL  R.  WEISENSTEIN,  AND  DOROTHY  PERMAR 
Dental  Research  Laboratory,  College  of  Dentistry,  The  Ohio  State  University,  Columbus,  Ohio 

The  primary  purpose  of  this  study  was  to  test  the  effect  of  a  dentifrice 
containing  a  di^'hlorophenyl  methane  compound  on  dental  caries  increment 
in  a  group  of  children.  Several  members  of  a  series  of  halogenated  diphenols 
had  been  shown  to  be  highly  bacteriostatic  against  mouth  organisms  at  very 
low  concentrations.  Usage  tests  with  a  number  of  dentifrice  formulations  in¬ 
dicated  that  bis- (2-hydroxy -4,  5-dichlorophenyl)  methane,  which  demonstrated 
considerable  antibacterial  activity,  could  be  used  at  a  level  of  0.2  per  cent  with¬ 
out  causing  any  irritation  of  the  oral  tissues.  Other  compounds  thus  tested 
were  eliminated  on  the  basis  of  irritativeness.  The  second  purpose  was  to  study 
salivary  lactobacilli  in  the  children,  and  the  effect  of  the  dentifrice  on  these 
organisms. 

The  question  of  tlie  association  of  oral  lactobacilli  with  dental  caries  has 
been  the  subject  of  considerable  study  and  some  controversy.  Bunting  and 
Palmerlee^  found  that  the  presence  of  oral  lactobacilli  could  be  correlated  with 
dental  caries  activity.  Later  reports  confirmed  this  observation,  all  consider¬ 
ing  lactobacilli,  qualitatively.^*®  In  much  of  this  early  work,  assay  was  made 
of  tooth  scrapings  rather  than  of  saliva. 

Hadley®  developed  a  generally  satisfactory  method  for  quantitative  esti¬ 
mation  of  numbers  of  lactobacilli  in  saliva.  She  reported  that  zero  counts  of 
lactobacilli  were  obtained  in  the  majority  of  saliva  samples  from  caries-free 
persons,  while  counts  of  over  20,000  lactobacilli  per  cubic  centimeter  were  ob¬ 
tained  from  the  majority  of  saliva  samples  from  caries-susceptible  persons. 
Other  investigators,®*^®  using  the  Hadley  technic,  attempted  to  exl-nd  the  sali¬ 
vary  lactobacilli-caries  relationship  into  quantitative  aspects,  but  without  criti¬ 
cal  evaluation  of  the  significance  of  different  levels  of  lactobacilli  counts  per 
cubic  centimeter  of  saliva. 

Snyder”*  ”  evaluated  the  relation  of  salivary  lactobacilli  to  caries  in  a 
more  strictly  quantitative  manner.  He  confirmed  the  association,  but  stated 
that  prediction  of  future  dental  caries  on  the  basis  of  existent  salivary  lacto¬ 
bacilli  counts  was  possible  only  with  groups,  not  with  single  individuals.  Due 
to  sporadic  occurrence  of  lactobacilli,  he  proposed  that  evaluation  of  the  caries 
activity  of  an  individual  should  be  based  on  several  spaced  saliva  examina¬ 
tion.”  Jay^®  stated,  “Counts  under  2,000  are,  as  a  rule,  unimportant.  Counts 
from  2,000  to  10,000  are  usually  indicative  of  moderate  caries  activity,  while 
counts  over  10,000  generally  require  strict  dietary  treatment.” 

This  investigation  was  supported  by  a  grant  to  The  Ohio  State  University’s  Research 
Foundation  by  the  Procter  and  Gambia  Company,  Cincinnati,  Ohio. 

Received  for  publication  Jan.  14,  1957. 
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Rizzo  and  Tilden,**  and  Rickies^®  have  shown  that  arbitrary  division  of  lac- 
tobacilli  counts  into  “low”  and  “high”  at  various  levels  may  enable  60  to  70 
per  cent  accurate  predictions  of  caries  activity  in  individuals.  Rickies,  who 
based  his  conclusions  on  a  single  saliva  specimen  from  each  subject,  pointed 
out  that  predictions  of  caries  in  groups  of  individuals  are  more  significant  than 
are  predictions  for  single  individuals. 

Criticism  of  the  use  of  salivary  lactobacilli  counts  for  prediction  of  future 
dental  caries  has  been  made  by  Boyd,  Cheyne,  and  Wessels,*®  and  by  Glass.^’ 
Their  objections  are  based  generally  on  their  inability  to  demonstrate  a  close 
association  between  lactobacilli  counts  and  caries  rate  in  individuals.  Boyd, 
Cheyne,  and  Wessels  measured  “caries  progression.”  Initiation  of  enamel 
caries  may  be  a  different  process  from  extension  of  existing  dentinal-enamel 
lesions,  and  the  salivary  lactobacilli  may  be  more  definitely  associated  with  the 
initiation  than  with  the  progression  of  dental  caries.  Glass  seemed  to  present 
his  data  from  the  premise  that  numbers  of  salivary  lactobacilli  may  be  related 
linearly  to  numbers  of  new  lesions  ensuing.  His  negative  findings  should  be 
judged  in  the  light  of  the  earlier  papers  on  this  subject,  where  such  a  strict 
relation  was  not  claimed. 

Two  purposes  in  this  study,  pertinent  to  the  lactobacilli-dental  caries  ques¬ 
tion,  were  (1)  to  determine  whether  or  not  several  salivary  lactobacilli  counts 
taken  within  a  short  period  (2  weeks)  may  be  used  to  predict  caries  activity 
during  the  following  year,  and  (2)  to  evaluate  the  significance  of  counts  at 
levels  of  0  to  1,000,  5,000  to  10,000,  and  over  10,000  as  indicators  of  negative, 
moderate,  and  marked  caries  activity,  respectively. 

MATERIALS  AND  METHODS 

The  experimental  and  eountrol  dentifrices  were  each  labeled  with  a  code 
letter  so  that  their  identity  was  known  only  to  the  project  supervisors  until 
completion  of  the  study.  The  control  dentifrice  “K”  contained  only  sub¬ 
stances  common  to  most  dentifrices,  as  polishing  agent,  humectant,  detergent, 
etc.  The  experimental  dentifrice  “M”  was  identical  to  “K,”  except  that  0.2 
per  cent  bis-(2-hydroxy-4,  5-dichlorophenyl)  methane  was  added. 

The  subjects  in  this  clinical  study  were  394  parochial  school  students  in 
Columbus,  Ohio,  339  of  whom  were  available  for  the  second  examination.  Their 
ages  ranged  from  6  to  14  years.  Table  I  presents  the  distribution  of  these 
children  by  school,  age,  and  dentifrice  assignment.  Each  child  was  furnished 
with  a  dentifrice  and  tooth  brush  at  the  first  clinical  examination.  The  only 
instruction  given  was  to  use  no  other  dentifrice.  Distribution  of  the  denti¬ 
frices  thereafter  was  accomplished  through  the  schoolteachers  and,  in  the 
summer,  directly  to  the  subjects’  homes. 

All  dental  examinations  were  performed  by  the  same  dentist  (P.  R.  W.) 
with  the  assistance  of  a  qualified  dental  hygienist.  After  a  complete  dental 
prophylaxis  by  the  hygienist,  the  subjects’  teeth  were  examined  and  charted 
with  the  aid  of  an  adequate  light,  mouth  mirror,  and  explorer.  The  clinical 
examination  was  supplemented  by  bite-wing  x-rays  to  aid  in  the  diagnosis  of 
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Table  I 

Experimental  Subjects  Grouped  by  Age  and  Dentifrice 


AGE  ^ 

SCHOOL  A 

NO.  ASSIGNED  TO  DENTIFRICE 

SCHOOL  B 

NO.  ASSIGNED  TO  DENTIFRICE 

BOTH  SCHOOLS 

1  K 

1  M  1 

1  TOTAL 

1  K 

1  M  1 

TOTAL 

TOTAL 

6 

8 

10 

18 

5 

3 

8 

26 

7 

16 

21 

37 

18 

23 

41 

78 

8 

17 

13 

30 

11 

11 

22 

52 

9 

13 

8 

21 

8 

10 

18 

39 

10 

13 

14 

27 

6 

9 

15 

42 

11 

12 

17 

29 

10 

6 

16 

45 

12 

10 

11 

21 

10 

5 

15 

36 

13 

6 

3 

9 

6 

4 

10 

19 

14 

0 

0 

0 

2 

0 

2 

2 

Totals 

95 

97 

192 

76 

71 

147 

339 

proximal  lesions.  The  Expectancy  Index  Number  was  computed  by  Dr.  Arthur 
Radike  in  accordance  with  the  method  previously  described.^®  Nine  different 
divisions  of  Expectancy  Indices  were  made,  and  the  dentifrice  groups  were 
balanced  with  respect  to  Expectancy  Index. 

After  the  subjects  had  used  the  prescribed  dentifrice  for  1  year,  the  clini¬ 
cal  and  x-ray  examinations  were  repeated.  At  this  time,  the  examiner  did  not 
see  his  previous  diagnosis,  nor  was  he  aware  of  which  dentifrice  the  child  had 
been  using. 

Salivary  laetobacilli  counts  were  made  on  3  saliva  samples  collected  from 
each  child  prior  to  the  clinical  examinations  at  the  beginning  and  at  the  end 
of  the  study  year.  Saliva  samples  were  collected  at  the  schools  at  11  a.m. 
on  nonsuccessive  days  within  a  2-week  period,  were  brought  to  the  laboratory 
immediately,  and  held  at  7°  C.  until  plated  on  the  same  day.  Due  to  absences, 
a  few  of  the  children  furnished  only  two  samples.  The  schools  supplied  no  food 
to  the  children  in  the  morning  prior  to  saliva  collection. 

The  procedure  used  in  making  salivary  laetobacilli  counts  was  that  de¬ 
scribed  by  Permar  and  Kitchin,*®  with  these  modifications:  Saliva  was  col¬ 
lected  at  11  A.M.  instead  of  before  breakfast ;  the  saliva  diluent  of  0,9  per  cent 
saline  solution  was  substituted  for  beef  broth ;  and  saliva  dilutions  were  1 :10 
(0.1  ml.  of  undiluted  saliva)  and  1:1,000  (0,1  ml.  of  1:100  dilution  in  saline). 
Plates  were  incubated  aerobically  at  37°  C.  for  4  days,  then  counts  were  made 
of  the  smooth,  intermediate,  and  rough  lactobacillus  colony  types  described 
previously  by  Green  and  Dodd.®°  This  procedure  varied  in  several  ways  from 
that  used  by  Jay.^® 

Representative  colonies  from  each  saliva  sample  were  picked  and  inocu¬ 
lated  into  a  sucrose  medium  for  fermentation  study.  The  medium  used  was 
Rogosa’s  LBS  medium,®^  modified  as  follows:  Sucrose  was  substituted  for 
glucose;  5  Gm.  of  sodium  acetate,  acetic  acid,  and  agar  were  omitted;  the 
medium  was  adjusted  to  pH  7.0;  and  bromcresol  purple  indicator  was  added. 
Observation  of  acid  production  in  this  medium  was  visual,  made  after  72 
hours’  incubation  at  37°  C. 

Counts  made  at  the  beginning  of  the  year  were  averaged  for  each  indi¬ 
vidual,  and  those  made  at  the  end  of  the  year  were  averaged.  If  one  of  the 
counts  made  from  the  3  saliva  samples  from  a  single  individual  had  a  tenfold 
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or  greater  difference  from  the  nearest  of  the  other  2,  then  the  2  more  nearly 
equal  counts  were  averaged,  and  this  average  was  used.  The  presence  of  an 
erratic  count  in  the  series  of  3  was  noted. 

Examples:  2,000  ;  6,000  ;  78,000  =  4,000  (average) 

12,000;  14,000  ;  200  =  13,000  (average). 

Pertinent  data  for  each  child  were  recorded  on  IBM  record  cards.  They 
included  subject  number,  school  age,  DMFS  scores  at  the  first  and  at  the  sec¬ 
ond  examinations,  caries  increment,  salivary  lactobacilli  counts,  occurrence  of 
erratic  counts,  and  occurrence  of  lactobacillus  colony  types. 

RESULTS  AND  DISCUSSION 

The  average  caries  increment  of  the  children  during  the  test  year  is  com¬ 
pared  by  school  and  dentifrice  in  Table  II.  The  difference  in  increment  in  the 
dentifrice  groups  is  not  regarded  as  clinically  significant,  hence  the  dentifrices 
had  nearly  equivalent  effects  on  caries  increment  during  the  1-year  period. 


Table  II 

Average  Caries  Increments  for  Dentifrice  Groups  During  Test  Year 


SCHOOL 

DENTIFRICE 

number  of  subjects 

AVERAGE  DMFS 
INCREMENT 

A 

K 

95 

2.45 

M 

97 

2.84 

B 

K 

76 

2.76 

M 

71 

2.76 

Total 

K 

171 

2.59 

M 

168 

2.81 

In  the  study  reported  here,  the  average  caries  increment  in  each  age  group 
were  as  follows :  age  6,  2.25 ;  7,  2.23 ;  8, 1.96 ;  9,  2.08 ;  10,  2.77 ;  11,  3.22 ;  12,  4.71 ; 
and  age  13,  5.45.  These  results  are  similar  to  the  figures  on  caries  increment 
reported  in  a  study  of  Indiana  school  children.*® 

The  distribution  of  children  having  different  magnitudes  of  total  salivary 
lactobacilli  counts  was  not  different  in  the  2  dentifrice  groups  at  the  beginning 
or  at  the  end  of  the  test  year.  It  appears  that  there  was  no  difference  in  the 
effects  of  the  dentifrices  on  total  numbers  of  salivary  lactobacilli.  Neither  was 
there  a  difference  in  the  effect  of  the  dentifrices  on  the  occurrence  of  different 
colony  types  of  lactobacilli.  Examination  of  the  numbers  of  cultures  of  lacto¬ 
bacilli  capable  of  varying  degrees  of  acid  production  from  sucrose  showed  no 
difference  in  the  2  dentifrice  groups  at  the  beginning  or  at  the  end  of  the  year. 

Since  there  was  no  apparent  difference  between  the  dentifrices  in  effect  on 
salivary  lactobacilli,  these  two  similar  groups  of  children  may  be  treated  as 
members  of  a  single  population.  The  following  results  deal  with  occurrence  of 
salivary  lactobacilli  in  these  children  and  the  relation  of  these  organisms  with 
dental  caries  increment  during  the  year  of  observation. 

Occurrence  of  total  lactobacilli  counts  and  colony  types:  The  distribution 
of  total  salivary  lactobacilli  counts  and  of  colony  types  as  found  at  the  first 
examination  is  recorded  in  Table  III.  In  counts  of  each  colony  tyi)e,  as  well  as 
in  total  counts  of  lactobacilli,  more  children  had  counts  in  the  lower  ranges 
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than  in  the  higher  ranges.  Colonies  of  smooth  morphology  were  found  more 
frequently  than  colonies  of  other  morphologic  types.  The  data  obtained  at 
the  second  examination  resembled  those  in  Table  III,  and  no  significant  differ¬ 
ences  were  found  in  comparison. 


Table  III 

Occurrence  of  Different  Colony  Types  of  Salivary  Lactobacilli  in  Children  at 

First  Examination 


NUMBER  OF  CHILDREN  HAVING  DIFFERENT  MAGNITUDES  OF 
LACTOBACILLI  COUNTS 

ALL  COLONY  TYPES 

SEPARATE  COLONY  TYPES 

lactobacilli  count 

COMBINED 

S  1  I  1  R 

0 

87 

103 

286 

206 

I.ies8  than  1,000 

68 

81 

26 

36 

1,000-4,999 

49 

-  66 

22 

34 

5,000-9,999 

29 

38 

15 

27 

10,000-49,999 

79 

64 

14 

42 

50,000-99,999 

27 

16 

9 

15 

100,000-1,000,000 

36 

11 

4 

19 

More  than  1,000,000 

12 

8 

1 

8 

S  =  smooth  colony  type. 

I  =  intermediate  colony  type. 
R  =  rough  colony  type. 


Erratic  counts  of  salivary  lactobacilli  were  found  in  about  85  per  cent  of 
all  subjects  who  had  lactobacilli  present  in  all  3  saliva  specimens.  No  one 
colony  type  showed  an  erratic  count  with  greater  frequency  than  any  other 
colony  type. 

Salivary  lactobacilli  counts  and  past  caries  history:  Comparison  was  made 
in  each  individual  of  the  total  salivary  lactobacilli  count  at  the  time  of  the 
first  examination  with  the  DMFS  scores  determined  at  that  time.  The  data  are 
shown  as  a  scatter  diagram  in  Fig,  1.  No  association  was  found  between  pres¬ 
ent  total  lactobacilli  counts  and  past  caries  history  expressed  as  DMF  sur¬ 
faces.  However,  there  is  a  clustering  of  caries-free  individuals  with  zero  DMFS 
scores  in  the  low  lactobacilli  count  range.  Examination  of  these  data  broken 
down  into  counts  of  lactobacillus  colony  types  showed  no  closer  association 
with  past  caries  history  than  did  the  total  count  of  all  colony  types  in  Fig.  1. 

The  data  showed  no  association  between  the  extent  of  previous  caries  at¬ 
tack  (past  caries  history)  and  either  the  total  salivary  lactobacilli  counts  or 
counts  of  different  lactobacillus  colony  types. 

Relation  of  restoration  of  carious  lesions  to  salivary  lactobacilli  and  caries 
increment:  The  data  above  showed  that  the  extent  of  previous  caries  attack 
of  a  child  was  not  related  to  any  specific  current  condition  of  salivary  lactoba¬ 
cilli.  However,  when  the  extent  to  which  carious  lesions  had  been  restored 
was  compared  to  the  count  of  the  salivary  lactobacilli  at  the  time  of  examina¬ 
tion,  different  results  were  found. 

Children  who  had  dental  caries  at  the  fii*st  examination  were  divided  into 
4  groups:  (l)»those  with  no  restoration  of  carious  lesions,  (2)  those  in  whom 
20  per  cent  of  the  lesions  had  been  restored,  (3)  those  in  whom  80  per  cent  of 
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the  lesions  had  been  restored,  and  (4)  those  in  whom  all  carious  lesions  had 
been  restored.  The  results  of  this  comparison  (Table  IV)  show  that  increas¬ 
ing  degree  of  restoration  of  carious  lesions  was  associated  with  the  following : 

(1)  decreasing  frequency  of  moderate  and  high  (over  5,000)  lactobacilli  counts, 

(2)  decreasing  frequency  of  predominance  of  rough  colony  lactobacilli  over 


Fig.  1. — Relationship  of  total  salivary  lactobacilli  count  to  past  caries  history  (DMFS  score). 

smooth  colonies,  and  (3)  decreasing  average  DMFS  increment  in  the  year  fol¬ 
lowing  the  initial  examination.  Rodriguez*^  found  in  a  number  of  individuals 
that  partial  and  then  complete  restoration  of  carious  lesions  was  accompanied 
by  decreasing  salivary  lactobacilli  counts.  Shklair,  Englander,  Stein,  and 
KeseF^  found  decreasing  .salivary  lactobacilli  counts  in  young  men  following 
complete  mouth  rehabilitation. 


834 


GREEN,  WEISENSTEIN,  AND  PEBMAB 


J.  D.  Res. 
December,  1957 


Table  IV 

Characteristics  of  Chilihien  With  Different  Percentages  of  Restoration  of 

Carious  Lesions 


PER  CENT  OP 
LESIONS 

RESTORED 

NO.  OP 
CHILIHIEN 

AT  PIRST  EXAMINATION  | 

AVERAGE  DMPS 
INCREMENT 
DURING  YEAR 

RANGE  OP  DM  PS 

SCORES 

NO.  WITH 
LACTOBACILLI 
COUNTS  OVER 

5,000 

NO.  WITH  MORE 

ROUGH  THAN 

SMOOTH 

LACTOBACILLUS 

COLONIES 

0 

11 

1-9 

8 

6 

3.45 

20 

10 

5-19 

3 

2 

3.70 

80 

10 

5-19 

3 

1 

2.80 

100 

11 

1-9 

2 

0 

1.45 

The  data  presented  here  are  based  on  a  small  number  of  cases,  but  they 
indicate  that  restoration  of  carious  lesions  compared  to  absence  of  restorations 
may  be  accompanied  by  a  different  salivary  lactobacillus  population  and  a 
decrease  in  future  caries  increment. 

Salivary  lactohacilli  counts  and  future  caries  experience:  Comparison  was 
made  in  each  individual  of  the  total  salivary  lactohacilli  count  at  the  time  of 
the  first  examination  with  the  DMFS  increment  experienced  during  the  suc¬ 
ceeding  year  (Table  V).  If  the  lactohacilli  counts  are  empirically  divided  into 
low  (0  to  5,000  per  ml.  of  saliva),  moderate  (5,000  to  10,000),  and  high  (over 
10,000)  counts,  it  may  be  seen  that  there  is  no  outstanding  difference  in  the 
distribution  of  dental  caries  increments  in  the  3  classifications.  Examination 
of  these  data  broken  down  into  counts  of  lactobacillus  colony  types  (smooth, 
intermediate,  and  rough)  showed  no  closer  association  with  future  caries  than 
that  found  in  the  total  count  of  all  colony  types.  About  half  of  the  children 
with  lactohacilli  counts  of  5,000  or  less  had  caries  increments  of  no  more  than 
one  lesion  during  the  succeeding  year.  However,  of  those  individuals  having 
high  lactobacUli  counts  (over  10,000)  only  25  per  cent  developed  no  more  than 
one  new  lesion. 


Table  V 

Relationship  op  Salivary  Lactobacilli  Counts  at  First  Examination  to  Dental  Caries 
Increment  During  the  Following  Year 


*Twenty-three  children  with  lactohacilli  counts  of  zero  had  dental  caries  increments  of 


zero. 
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These  data  show  that  a  relationship  exists  between  salivary  lactobacilli 
counts  and  future  dental  caries,  as  has  been  claimed  by  other  investigators. 
This  is  a  direct  relationship,  although  it  is  obviously  not  quantitative  in  the 
sense  that  a  specific  lactobacilli  count  is  associated  with  a  specific  yearly  in¬ 
crement  in  dental  caries.  Children  with  low  lactobacilli  counts  (less  than 
5,000)  were  less  likely  to  develop  several  lesions  (2  or  more)  than  children 
with  high  lactobacilli  counts  (above  10,000).  The  relationship  of  lactobacilli 
to  future  caries  found  in  this  investigation  is  evident  only  when  the  children 
are  examined  as  related  groups. 

It  is  clear  from  this  work  that  salivary  lactobacilli  counts  made  at  the 
initial  examination  could  not  be  used  as  a  basis  for  prognosis  of  caries  experi¬ 
ence  during  the  succeeding  year  in  single  individuals.  This  conclusion  must  be 
restricted  to  the  children  studied  in  this  program  and  to  the  methods  used. 
This  does  not  imply  a  criticism  of  the  salivary  lactobacilli  count-future  caries 
relationship;  it  means  only  that  individual  prognoses  based  on  lactobacilli 
counts  could  not  be  made  in  this  group  of  children. 

The  relationship  of  salivary  lactobacilli  to  future  caries  experience  re¬ 
quires  considerable  further  clarification.  In  Table  VI,  2  age  groups  of  chil¬ 
dren  are  compared  for  the  percentages  of  children  having  a  low-caries  incre¬ 
ment  in  different  ranges  of  lactobacilli  counts.  The  difference  between  the 
younger  and  the  older  children  is  marked  in  the  zero  and  high  (over  10,000) 
count  classification.  Whatever  general  relation  exists  between  salivary  lacto¬ 
bacilli  and  future  caries  in  the  human  population,  the  relationship  apparently 
is  not  present  in  identical  fashion  in  6-  to  7-year-old  children  compared  to  11- 
to  14-year-old  children.  A  recognized  difference  between  the  two  groups  of 
children  is  in  the  greater  number  of  permanent  tooth  surfaces  available  to  be¬ 
come  carious  in  the  11-  to  14-year-old  children.  These  findings  indicate  that 
the  age  and  dental  condition  of  subjects  under  investigation  should  be  consid¬ 
ered  in  studies  of  the  salivary  lactobacilli-future  caries  relationship. 


Table  VI 

Comparison  op  the  Relation  of  Different  Salivary  Lactobacilu  Counts  to  Low-Caries 
Increment  in  Two  Different  Age  Groups  op  Children 


lactobacilli 

count 

PER  CENT  OF  CHILDREN  HAVING  AN  INCREMENT  OP  0  OR  1 

AGES  6,  7 
(%) 

AGES  11  TO  14 
(%) 

0 

68 

12 

0-5,000 

50 

33 

5,000-10,000 

25 

27 

Over  10,000 

38 

11 

Characteristics  of  children  with  caries-free  permanent  dentition:  A  num¬ 
ber  of  children  in  this  group  of  394  had  no  caries  in  their  permanent  teeth  at  the 
first  examination.  These  children  were  studied  as  a  group  and  compared  with 
the  remaining  subjects  to  determine  if  the  caries-free  condition  might  be  asso¬ 
ciated  with  a  different  salivary  lactobacillus  flora  or  with  a  different  rate  of 
caries  attack  during  the  year  of  observation. 
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The  distribution  of  children  with  caries-free  permanent  dentition  in  differ¬ 
ent  age  groups  is  shown  in  Table  VIT.  The  percentage  of  caries-free  children 
in  the  total  group  drops  rapidly  after  the  age  of  7,  as  the  number  of  permanent 
teeth  exposed  in  the  oral  cavity  increases. 


Table  VII 

Occurrence  of  Caries-Free  Permanent  Dentition  in  Children  Aged  6  to  14  Years 


AGE 

TOTAL  NO.  OF  CHILDREN 

IN  GROUP 

PER  CENT  CARIES-FREE  CHILDREN  IN  GROUP 

1  1st  exam. 

1  2nd  EXAM. 

6 

32 

38 

13  (2)* 

7 

93 

40 

12  (5) 

8 

59 

9 

2 

9 

45 

9 

2  (1) 

10 

50 

4 

2 

11 

49 

2 

0 

12 

44 

2 

0 

13 

20 

15 

10 

14 

2 

0 

0 

•Figure  In  parenthesis  is  number  of  children  caries-free  at  first  examination  but  not 
available  for  a  second  examination,  who  do  not  contribute  to  the  percentage. 


Table  VIII  is  a  study  of  some  children  who  were  caries  free  at  the  time  of 
the  first  examination.  They  are  divided  into  2  groups :  those  who  did  not  de¬ 
velop  any  carious  lesions  by  the  end  of  the  study  year  (A),  and  those  who  did 
develop  caries  during  the  year  (B).  Development  of  caries  in  the  latter  group 
apparently  was  not  associated  with  observation  of  caries  in  remaining  decidu¬ 
ous  teeth,  nor  with  the  level  of  salivary  lactobaeilli  counts,  above  or  below, 
5,000  per  ml.,  made  at  the  time  of  the  first  examination.  The  salivary  lacto- 
bacilli  count  data  collected  from  the  group  of  caries-free  children  at  the  first 
examination  did  not  form  a  basis  for  prediction  whether  carious  lesions  would 
develop  during  the  ensuing  year. 


Table  VIII 

Characteristics  of  a  Group  of  Chilren  Who  Had  Caries-Free  Pfjimanent  Dentition  at 

Time  of  First  Examination 


NO.  OP  PERMANENT 

TEETH  AT  TIME 

OP  1st  exam. 

NO.  OP 

CHILDREN 

NO.  OP  CHILDREN 
WITH  CARIES  IN 

REMAINING 
DECIDUOUS  TEETH 

NO.  OP  CHILDREN 

HAVING  A  LACTO¬ 
BACILLI  COUNT 
GREATER  THAN  5,000 
AT  FIRST  EXAM. 

CARIES  (DMFS) 
INCREMENT  RANGE 
(FOLLOWING  YEAR) 

A.  Children  still  caries-free  in  permanent  dentition  at  2nd 

exam. 

0-5 

9 

3 

1 

0 

5-10 

4 

2 

0 

0 

More  than  10 

7 

3 

2 

0 

B.  Children  with  caries-free  permanent  dentition  at  1st  exam.,  but  not  at  2nd  exam. 

0-5 

14 

11 

5 

1-8 

5-10 

15 

8 

4 

1-6 

More  than  10 

8 

1 

1 

1-6 

The  caries-free  group  of  children  had  about  the  same  distribution  of  lacto- 
bacillus  colony  types  and  total  counts  as  the  caries-active  children.  Similar 
caries  increments  were  found  in  the  group  of  children  who  were  caries  free  at 
the  first  examination  compared  to  the  children  who  were  not  caries  free.  Col¬ 
lins,  Jensen,  and  Becks,^®  in  a  study  of  college  students,  found  that  99  out  of 
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122  caries-frec  students  had  negative  salivary  lactobacilli  counts,  and  these  99 
were  therefore  termed  immune.  It  may  be  seen  from  our  data  that  such  a  cri¬ 
terion  cannot  be  applied  in  young  children  to  indicate  caries  immunity. 

SUMMARY 

1.  A  dentifrice  containing  a  dichlorophenyl  methane  compound  was  tested, 
with  a  control  dentifrice,  for  effect  on  dental  caries  increment  and  salivary  lacto¬ 
bacilli  in  a  group  of  school  children.  By  comparison  with  the  control,  the  ex¬ 
perimental  dentifrice  had  no  effect  on  caries  increment,  on  total  number  of  sali¬ 
vary  lactobacilli,  on  numbers  of  different  colony  types  of  salivary  lactobacilli, 
nor  on  the  ability  of  salivary  lactobacilli  to  ferment  sucrose  in  vitro. 

2.  TLv  'ihildren  showed  increments  of  new  carious  lesions  averaging  2.25 
at  6  years,  2.23  at  7  years,  1.96  at  8  years,  2.08  at  9  years,  2.77  at  10  years,  3.22 
at  11  years,  4.71  at  12  years,  and  5.45  at  13  years.  This  increment  of  new  le¬ 
sions  revealed  by  bite-wing  x-rays  and  very  careful  clinical  examinations  may 
appear  high  when  compared  with  results  obtained  by  less  exacting  methods. 

3.  The  study  group  of  394  Ohio  children,  aged  6  to  14  years,  were  examined 
for  number  and  kind  of  salivary  lactobacilli  and  for  dental  condition  (DMFS) 
at  the  beginning  and  339  of  the  children,  at  the  end  of  a  1-year  period.  At  both 
examinations,  salivary  lactobacilli  counts  of  less  than  10,000  per  ml.  were  more 
common  than  higher  counts  in  this  group  of  children.  Lactobacilli  of  smooth 
colony  morphology  were  observed  more  frequently  than  those  of  intermediate 
or  rough  morphology  in  the  saliva  samples  examined. 

4.  In  individuals,  total  salivary  lactobacilli  counts  at  the  firet  examination 
showed  no  apparent  a.ssociation  with  past  caries  history  (DMFS  scores)  deter¬ 
mined  at  that  time. 

5.  Total  restoration  of  carious  lesions  was  found  to  be  associated  with 
lower  salivary  lactobacilli  counts  and  lower  subsequent  caries  incidence  than 
was  found  in  subjects  who  had  only  partial  or  no  restorations  of  carious  lesions. 

6.  In  each  child,  the  average  of  3  salivary  lactobacilli  counts  made  at  the 
first  examination  was  compared  to  the  dental  caries  increment  during  the  fol¬ 
lowing  year.  The  data  showed  a  relationship  between  magnitude  of  salivary 
lactobacilli  counts  and  future  dental  caries,  which  was,  however,  apparent  only 
in  grouped  data,  and  was  not  clearly  expressed  in  individuals.  The  results  in¬ 
dicated  that  3  closely-spaced  salivary  lactobacilli  counts  could  not  be  used  for 
successful  prognosis  of  future  dental  caries  on  an  individual  basis  in  this  group 
of  children. 

7.  A  number  of  children  in  this  study  were  found  to  have  caries-free 
permanent  dentition  at  the  first  examination.  Neither  salivary  lactobacilli  nor 
the  history  of  caries  in  deciduous  teeth  could  be  associated  with  either  caries 
attack  or  continued  caries  freedom  in  these  children  during  the  study  year. 


838 


GEEEN,  WEISENSTETN,  AND  PERMAB 


J.  D.  Res. 
December,  1957 


For  helpful  criticism  during  the  course  of  this  study,  we  thank  Drs.  H.  B.  6.  Robinson, 
P.  C.  Kitchin,  and  Wm.  Lefkowitz  of  the  College  of  Dentistry,  Dr.  M.  C.  Dodd,  Department 
of  Bacteriology,  The  Ohio  State  University.  Dr.  D.  E.  Whitney,  Department  of  Mathematics, 
and  Drs.  A.  W.  Eadike  and  F.  Snyder  of  the  Procter  and  Gamble  Co.  were  helpful  in  exami¬ 
nation  of  the  data.  For  assistance  in  tabulating  data,  we  thank  Miss  Susan  Hanna  and 
Mr.  Frank  Griffin. 


REFERENCES 

1.  Bunting,  E,  W.,  and  Palmerlee,  F.:  The  Role  of  B.  acidophilus  and  Dental  Caries,  J.  A. 

D.  A.  12:  381,  1925. 

2.  Bunting,  E.  W.,  Nickerson,  G.,  and  Hard,  D.  G.:  Further  Studies  of  the  Relation  of 

Bacillus  acidophilus  to  Dental  Caries,  D.  Cosmos  68:  931,  1926. 

3.  Jay,  P.  and  Voorhees,  R.  S.:  Bacillus  acidophilus  and  Dental  Caries,  D,  Cosmos  69:  977, 

1927. 

4.  Bunting,  E.  W.,  Nickerson,  G.,  Hard,  D.  G.,  and  Crowley,  M. :  Further  Studies  of  the 

Relation  of  Bacillus  acidophilus  to  Dental  Caries,  D.  Cosmos  70:  1,  1928. 

5.  Jay,  P.:  Bacillus  acidophilus  and  Dental  Caries,  J.  A.  D.  A.  16:  230,  1929. 

6.  Jay,  P.,  and  Esser,  A.:  Further  Studies  of  the  Etiology  and  Control  of  Dental  Caries, 

J.  A.  D.  A.  17:  1117,  1930. 

7.  Hadley,  F.  P.:  A  Quantitative  Method  for  Estimating  B.  acidophilus  in  Saliva,  J.  D. 

Res.  13:  415,  1933. 

8.  Koehne,  M.,  Bunting,  R.  W.,  and  Morrell,  E.:  Control  of  Dental  Caries  in  Children,  Am. 

J.  Dis.  Child.  48:  6,  1934. 

9.  Koehne,  M.,  and  Bunting,  R.  W. :  Studies  in  the  Control  of  Dental  Caries  II,  J.  Nutrition 

7:  657,  1934. 

10.  Jay,  P.:  Bacteriologic  and  Immunologic  Changes  in  Dental  Caries,  Dental  Science  and 

Dental  Art,  Philadelphia,  1938,  Lea  &  Febiger. 

11.  Snyder,  M.  L.:  Laboratory  Methods  in  Clinical  Evaluation  of  Caries  Activity,  J.  A.  D. 

J.  42:  400,  1951. 

12.  Idem:  The  Occurrence  of  Lactobacilli  and  Other  Acidogenic  Organisms  in  the  Salivas  of 

Selected  Caries-free  Children,  J.  D.  Res.  18:  497,  1939. 

13.  Jay,  P.:  Nutrition  and  Caries,  New  Jersey  D.  Soc.  15:  20,  1944. 

14.  Rizzo,  D.  R.,  and  Tilden,  E.  B.;  Further  Studies  of  a  Differential  Culture  Technique 

for  Estimations  of  Acidogenic  Bacteria  in  Saliva,  J.  D.  Res.  31:  825,  1952. 

15.  Rickies,  N.  H.:  The  Estimation  of  Dental  Caries  Activity  by  a  New  Colorimetric  Lab¬ 

oratory  Test,  J.  D.  Res.  32:  3,  1953. 

16.  Boyd,  J.  D.,  Cheyne,  V.  D.,  and  Wessels,  K.  E.:  Is  the  Salivary  Lactobacillus  Count  a 

Valid  Index  of  Activity  of  Dental  Caries?  Proc.  Soo.  Exper.  Biol.  4"  Med.  71:  535, 
1949. 

17.  Glass,  R.  L.:  The  Lack  of  Relationship  Between  Salivary  Lactobacillus  Counts  and 

Dental  Caries  Activity,  Oral  Surg.,  Oral  Med.,  4"  Oral  Path.  5:  210,  1952. 

18.  Muhler,  J.  C.,  Eadike,  A.  W.,  Nebergall,  W.  H.,  and  Day,  H.  G.:  The  Effect  of  a  Stan¬ 

nous  Fluoride-Containing  Dentifrice  on  Caries  Reduction  in  Children,  J.  D.  Res.  33: 
606,  1954. 

19.  Permar,  D.,  and  Kitchin,  P.  C.:  Procedure  in  a  Caries  Control  Laboratory,  Oral  Surg., 

Oral  Med.,  4"  Oral  Path.  2:  1008,  1949. 

20.  Green,  G.  E.,  and  Dodd,  M.  C.:  A  Study  of  the  Bacterial  Flora  of  Caries-Susceptible 

and  Caries-Immune  Saliva,  J.  D.  Res.  35:  572,  1956. 

21.  Rogosa,  M.,  Mitchell,  J.  A.,  and  Wiseman,  E.  F.:  A  Selective  Medium  for  the  Isolation 

and  Enumeration  of  Oral  Lactobacilli,  J.  D.  Res.  30:  682,  1951. 

22.  Muhler,  J.  C.,  Eadike,  A.  W.,  Nebergall,  W.  H.,  and  Day,  H.  G.:  Effect  of  a  Stannous 

Fluoride-Containing  Dentifrice  on  Caries  Reduction  in  Children.  II.  Caries  Ex¬ 
perience  After  One  Year,  J.  A.  D.  A.  50:  163,  1955. 

23.  Rodriguez,  F.  E.:  Quantitative  Incidence  of  Lactobacillus  acidophilus  in  the  Oral  Cavity 

as  a  Presumptive  Index  of  Susceptibility  to  Dental  Caries,  J.  A.  D.  A.  18:  2118,  1931. 

24.  Shklair,  I.  L.,  Englander,  H.  R.,  Stein,  L.  M.,  and  Kesel,  E.  G.:  Preliminary  Report  on 

the  Effects  of  Complete  Mouth  Rehabilitation  on  Oral  Lactobacilli  Counts,  J.  A. 
D.  A.  53:  155,  1956. 

25.  Collins,  R.  O.,  Jensen,  A.  L.,  and  Becks,  H.:  Study  of  Caries-Free  Individuals.  II.  Is  an 

Optimum  Diet  or  a  Reduced  Carbohydrate  Intake  Required  to  Arrest  Caries?  J.  A. 
D.  A.  53:  1169,  1942. 


SALIVARY  TRYPTOPHAN  AND  ITS  RELATIONSHIP  TO  DMF 
ELEANOR  J.  EDMONDS,  ROY  W.  BELL,  JR.,  AND  ERNEST  BEERSTECHEB,  JR, 
Department  of  Biochemistry,  University  of  Texas  Dental  Branch,  Houston,  Texas 

T TURNER  and  Crowell,^  using  a  modification  of  the  glyoxylic-sulfuric  acid 
method  of  Shaw  and  Mac  Farlane*’  ®  for  the  estimation  of  tryptophan, 
found  that  the  amount  of  tryptophan  or  related  indole-containing  molecules 
in  the  saliva  showed  a  definite  correlation  with  the  degree  of  carious  activity. 
Stack*  estimated  salivary  tryptophan  by  its  reaction  with  p-dimethylamino- 
benzaldehyde  in  strongly  acid  solution  and  found  no  correlation  between  DMF 
counts  and  salivary  tryptophan.  In  their  work  on  the  putrefaction  of  salivary 
proteins,  Berg,  Burrill,  and  Fosdick®  measured  free  tryptophan  according  to 
the  p-dimethylaminobenzaldehyde  method  of  Boyd®  and  demonstrated  that  in¬ 
dole  is  formed  very  rapidly  as  a  result  of  the  degradation  of  free  tryptophan. 
Turner  and  Anders^  have  stated  that  neither  the  Shaw-Mac  Farlane  glyoxylic- 
sulfuric  acid  method  nor  the  Horn  and  Jones  procedure®  used  by  Stack  suffi¬ 
ciently  differentiate  tryptophan  from  indole  or  other  indole-containing  mole¬ 
cules  (indole-3-acetic  acid,  tryptamine)  when  applied  to  saliva. 

With  the  establishment  of  microbiologic  procedures  as  rapid,  accurate 
tools  for  the  quantitative  measurements  of  amino  acids,  Kirch,  Kesel,  O’Don¬ 
nell,  and  Wach®  determined  salivary  tryptophan  according  to  the  method  of 
Baumgarten,  Garey,  Olsen,  Stone,  and  Boneff,*®  employing  Lactohacillus  plan- 
tarum  ATCC  8014.*  No  correlation  between  tryptophan  in  the  saliva  and 
caries  activity  was  found.  The  same  authors  measured  tryptophan  in  the  saliva 
of  persons  on  a  low  protein  diet**  and  in  studying  the  influence  of  ingestion  of 
single  amino  acids  on  the  level  of  free  amino  acids  in  saliva.*®  Table  I  sum¬ 
marizes  some  of  the  results  obtained  in  these  investigations. 


Table  I 

Reported  Values  for  Salivary  Tryptophan  Levels 


METHOD 

TRYPTOPHAN 
(pQ/UL.  SALIVA) 

REF. 

Chemical — ^p-dimethylaminobenzoic  acid 

23.0  +  8.0 

(4) 

Chemical — ^p-dimethylaminobenzoic  acid 

22.4  +  9.0 

(5) 

Microbiologic — L.  arabinosus 

1.0-9.0 

(9) 

Microbiologic — L.  arabinosus 

1.0* 

(11) 

1.0-9.0t 

Microbiologic — L.  arabinosus 

0.4-0.8 

(12) 

•Low  protein  diet. 
tHigh  protein  diet. 

The  variation  in  the  amounts  of  free  tryptophan  found  in  unstimulated 
saliva  by  these  different  investigators  suggested  that  a  more  specific  method 

Received  for  publication  Feb.  13,  1957. 

•Originally  designated  as  Lactobacillus  arabinosus  17-6. 
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for  determining  this  amino  acid  in  saliva  was  necessary.  Kirch,  Kesel,  O’Don¬ 
nell  and  Wach  used  Lactobacillus  plantarum  ATCC  8014  as  the  test  organism, 
but,  Beerstecher^®  has  reported  that  indole  and  anthranilic  acid  can  replace 
tryptophan  as  growth  factors  for  this  bacterium.  Since  saliva  contains  indole 
and  indole  derivatives^’  ®  as  well  as  tryptophan,  it  seemed  probable  that  an 
organism  more  specific  in  its  tryptophan  requirements  would  give^more  quanti¬ 
tative  results  than  those  obtained  with  Lactobacillus  plantarum  ATCC  8014. 
The  need  for  a  confirmatory  study  of  the  correlation  between  salivary  tryptophan 
and  caries  incidence  also  seemed  apparent  in  view  of  the  conflicting  reports 
by  several  workers.^’  *’  ®’ 


EXPERIMENTAL  METHODS 

Leuconostoc  mesenteroides  was  selected  for  use  in  the  assays  because  of 
its  inability  to  substitute  indole  or  its  derivatives  for  trytophan  and  also 
because  of  its  sensitive  response  to  very  minute  amounts  of  tryptophan. 
Stock  cultures  were  carried  on  yeast-dextrose-agar  slants  and  subeultured 
twice  monthly.  These  w’ere  incubated  24  hours  at  32°  C.  and  then  stored  in 
the  refrigerator.  The  inoculum  for  the  assay  was  gi-own  in  the  defined  basal 
medium  of  Stokes,  Gunness,  Dwyer,  and  CaswelP*  w’ith  sufficient  tryptophan 
added  to  give  maximum  growth  response  in  18  hours  at  32°  C.  The  inoculum 
w’as  then  centrifuged,  washed  twice  Avith  saline,  and  resuspended  in  20  ml. 
of  saline.  One  drop  of  this  suspension  was  used  to  inoculate  each  assay  tube. 
The  basal  medium  was  that  of  Stokes,  Gunness,  Dwyer,  and  Caswell”  with 
the  tryptophan  omitted. 

All  saliva  samples  w’ere  collected  without  the  aid  of  paraffin  and  without 
other  avoidable  stimulation  at  least  2  hours  after  meals.  Aliquots  of  the  fresh 
saliva  were  pipetted  into  tubes  containing  5  ml.  of  the  basal  medium  and 
enough  distilled  water  to  dilute  the  final  volume  to  10  ml.  The  tubes  were 
immediately  autoclaved  for  15  minutes  at  15  pounds  pressure.  The  tubes  were 
then  cooled,  inoculated,  and  incubated  for  72  hours  at  32°  C.  The  acid  pro¬ 
duced  was  titrated  w’ith  .03N  NaOH  to  pH  7.0  using  a  line  operated  Beckman 
pH  meter.  The  amountof  tryptophan  per  milliliter  of  saliva  was  calculated 
from  a  standard  curve  which  was  prepared  with  each  assay.  The  aliquots 
of  saliva  used  were  such  that  the  tryptophan  values  obtained  fell  on  the  most 
effective  segment  of  the  standard  curve. 

The  reliability  of  the  assay  method  was  established  by  a  series  of  assays 
in  which  known  amounts  of  tryptophan  were  added  to  4  different  aliquots 
of  saliva.  The  recoveries  were  quantitative  at  all  levels,  irrespective  of  the 
aliquot  of  saliva  used  in  the  assay,  thus  demonstrating  the  lack  of  any  in¬ 
hibitory  or  nonspecific  stimulatory  effect  of  saliva  on  the  assay.  Results  on 
duplicate  samples  agreed  closely,  and  reproducible  results  were  obtained  in 
separate  assays  on  the  same  saliva  sample. 

The  salivary  tryptophan  levels  of  100  dental  students  were  determined 
according  to  the '  described  procedure.  DMF  counts  were  taken  on  each 
student  by  visual  inspection  with  a  mouth  mirror,  in  order  to  obtain  a  rough 
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estimate  of  caries  history.  While  other  more  thorough  methods  of  examina¬ 
tion,  as  well  as  supplementary  biochemical  tests,  might  have  been  used  for 
this  purpose,  it  was  felt  that  the  present  technic  should  be  sufficient  to  estab¬ 
lish  any  general  trend  that  might  exist.  All  of  the  DMF  counts  reported  in 
the  present  work  were  made  by  the  same  examiner.' 


Table  II 

Analysis  op  Salivary  Tryptophan  CtoNTENT 


GROUP  NO. 

DMF 

MEAN  TRYPTOPHAN  I 

CONTENT 
(/iO/ML.  SALIVA) 

TRYPTOPHAN  CONTENT 

RANGE 

(|iG/ML.  SAUVA) 

S.D. 

I 

1-10 

.09 

.11 

II 

11-15 

.11 

0  0.5 

.13 

III 

16-27 

.22 

0-2.1 

.43 

For  purposes  of  analysis,  the  data  were  divided  into  3  equal  groups  on 
the  basis  of  the  DMF  counts,  as  shown  in  Table  II.  For  each  group,  the  mean 
salivary  tryptophan  content  of  saliva  was  calculated,  as  well  as  the  range  and 
the  standard  deviation  of  the  mean.  The  standard  error  of  the  differences  be¬ 
tween  the  various  mean  salivary  contents  was  then  calculated  by  conventional 
statistical  means,  and  the  results  are  summarized  in  Table  III. 


Table  III 

Correlation  of  DMF  and  Salivary  Tryptophan  Levels 


GROUPS 

STANDARD  ERROR  I 

OF  DIFFERENCE 

IX 

t  VALUE  1 

p  VALUE 

I  to  II 

.03 

.02 

0.70 

0.5 

I  to  III 

.08 

.11 

1.42 

0.2 

II  to  III 

.08 

.13 

1.68 

0.2 

DISCUSSION 

The  amounts  of  free  tryptophan  determined  by  the  described  procedure 
ranged  from  0  to  2.1  fig  per  milliliter  of  unstimulated  saliva.  These  values  are 
somewhat  lower  than  those  previously  reported  for  saliva  collected  under 
similar  experimental  conditions.  In  duplicate  assays  on  the  same  saliva  sam¬ 
ple  where  the  only  variable  was  the  test  organism,  it  was  found  in  all  cases, 
that  less  tryptophan  activity  (usually  about  one  half)  was  detected  by 
Leuconostoc  mesenteroides  than  by  Lactobacillus  plantarum.  The  amount  of 
tryptophan  measured  by  Lactobacillus  plantarum  agrees  with  that  obtained  by 
Kirch,  Kesel,  O’Donnell,  and  Wach  in  their  assays  with  this  organism.  It  is 
probable  that  the  greater  growth  response  of  Lactobacillus  plantarum  can  be 
attributed  to  the  presence  of  indole  and  its  derivatives  in  the  saliva,  in  addi¬ 
tion  to  the  actual  tryptophan  content,  and  that  the  values  obtained  in  assaying 
with  Leuconostoc  mesenteroides  are  quantitative  measurements  of  only  the  avail¬ 
able  tryptophan  in  saliva. 

^lany  factors,  only  a  few  of  which  are  known,  influence  the  concentration 
of  the  different  components  of  saliva.  Diet,  metabolic  rate,  the  oral  flora,®  the 
rate  of  secretion,  and  the  time  of  day  and  other  circumstances  under  which  the 
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sample  is  collected  can  all  contribute  to  variations  in  the  levels  of  salivary  com¬ 
ponents.  In  this  study,  with  its  obvious  limitations  in  the  technics  of  sample 
collection,  it  was  nevertheless  found  that  the  tryptophan  content  of  saliva  sam¬ 
ples  taken  several  days  apart  from  the  same  individual  varied  only  slightly 
from  sample  to  sample.  Moreover,  with  few  exceptions,  those  individuals  whose 
saliva  contained  high  levels  of  tryptophan  on  initial  examination  had  con¬ 
sistently  high  tryptophan  levels  on  subsequent  tests.  Those  having  low  trypto¬ 
phan  levels  were  consistently  low. 


SUMMARY 

1.  A  method  for  determining  salivary  trj’ptophan  by  microbiologic  as.say 
with  Leuconostoc  mesenteroides  in  a  defined  medium  is  described. 

2.  The  actual  tryptophan  levels  in  saliva  are  believed  to  be  lower  than  the 
values  previously  reported. 

3.  Statistical  evidence  shows  no  correlation  between  caries  incidence  as  indi¬ 
cated  by  DMF  values  and  salivary  tryptophan  levels  determined  by  this  method. 
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STUDIES  ON  SALIVARY  PEROXIDATIC  ACTIVITY 
ALAN  DAVID  WOLFE  AND  NAOMI  C.  TUENER 
Biochemistry  Laboratory,  Forsyth  Dental  Infirmary  for  Children,  Boston,  Mass. 


Mac  DONALD  and  Smith, ^  from  a  study  of  “oxydase”  in  saliva,  concluded 
that  the  “enzyme  exhibited  the  properties  of  both  an  oxydase  and  a 
peroxydase,  and  that  it  is  a  product  of  the  body  (probably  glandular)  metabo¬ 
lism.”  jSIosimann  and  Sumner-  reported  the  presence  of  a  peroxidase  in  mam¬ 
malian  saliva  and  Nickerson  and  Kraus®  discussed  the  source  and  nature  of 
peroxidase  in  salvia. 

The  effective  salivary  peroxidase  activity  has  been  determined  for  594 
children,  aged  4  to  15  years  (255  girls  and  339  boys).  These  children  con¬ 
stitute  a  portion  of  a  series  being  seen  for  the  investigation  of  organic  factors 
in  salvia  which  may  relate  to  dental  decay. 

METHOD 

At  9 :30  A.M.,  not  less  than  2  hours  after  the  ingestion  of  food,  the  child  was 
given  a  test  tube  and  asked  to  place  saliva  in  it.  Paraffin  or  other  chewing 
stimulation*  was  not  used.  A  3.0  ml.  aliquot  of  the  collected  saliva  was  centri¬ 
fuged  at  approximately  1,400  r.p.m.  and  then  decanted.  Immediately  two  0.5  ml. 
aliquots  were  pipetted  into  graduated  10  ml.  test  tubes.  To  this  was  added  1.6 
ml.  of  diluted  guaiacol®  (1.0  ml.  guaiacol  to  226  ml.  distilled  water)  and  1.1  ml. 
distilled  water.  These  test  solutions  were  gently  shaken  and  poured  into  glass 
cuvettes.  The  cuvettes  and  their  contents  were  then  equilibrated  to  72°  F.  in  a 
water  bath  for  10  minutes,  removed,  their  outer  surfaces  dried,  and  placed  in  a 
Beckman  Model  B  spectrophotometer.  The  samples  were  self  blanked  at  470 
m/1  and  to  each,  at  time  zero,  was  added  .05  ml.  of  .03  per  cent  hydrogen  per¬ 
oxide  by  means  of  a  blood  capillary  pipette  (total  graduated  capacity  .05  ml.) 
which  was  then  utilized  to  stir  the  solution  quickly  and  gently.  A  stop  watch  was 
started  simultaneously  with  hydrogen  peroxide  introduction,  and  color  develop¬ 
ment  was  followed  by  means  of  spectrophotometric  readings  at  .05  absorbance 
intervals  between  .15  and  .40  absorbance  units  (optical  density)  and  corre¬ 
sponding  stop  watch  times  were  recorded.  At  .30  absorbance,  as  well  as  at 
other  absorbances,  successive  dilutions  of  salvia  yielded  linearity  when  plotted 
against  1/T  as  seen  in  Fig.  1.  The  time  taken  for  the  increase  in  absorbance 
from  0  to  .30  was  used  directly  as  a  measure  of  enzyme  activity.  This  absorbance 
also  gave  interpersonal  time  differences  suitable  for  statistical  analysis.  The 

This  study  was  supported  by  Grant  D-146-C  from  the  National  Institute  of  Dcmtal  Re¬ 
search  of  the  National  Institutes  of  Health,  Public  Health  Service,  Department  of  Health. 
Education  and  Welfare. 
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pH  optimum  was  determined  experimentally.  On  the  basis  of  the  results  ob¬ 
tained,  an  additional  assay  was  carried  for  65  randomly  selected  children  in 
which  1.1  ml.  of  .IM  phosphate  buffer  at  pH  8.0  was  substituted  for  water  in 
the  above  test. 

Dental  examinations  were  made  and  bitewing  x-rays  taken  for  each  sub¬ 
ject  upon  each  visit.  From  this  information  children  were  classified  dentally 
according  to  DMF  surfaces.®  In  addition,  a  per  cent  dental  decay  activity  was 
calculated  for  each  child.  This  activity  is  defined  as  the  ratio  of  the  number 
of  carious  surfaces  developed  in  the  past  6  months  to  the  number  of  surfaces 
not  previously  involved  in  decay. 


Fig.  1. — Illustrative  example.  Plot  of  reciprocal  of  time  in  seconds  to  reach  0.30  absorbance 
vs.  volume  of  saliva  used  in  test. 


Fig.  2. — pH-peroxidase  activity  relationship. 

BIOCHEMICAL  RESULTS 

pH  optimum:  Citrate-phosphate,  phosphate,  and  glycine  sodium  hydroxide 
buffers  from  pH  3.0  to  10.0  at  .03M  concentration  in  test  solutions  were  utilized. 
Centrifuged  samples  of  pooled  saliva  from  small  groups  and  from  individuals 
yielded  the  results  shown  in  Fig.  2.  Controls  containing  distilled  water  in 
place  of  buffer  indicated  no  inhibition  by  the  buffers  used. 
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The  peroxidatic  activity  is  destroyed  by  heat  as  shown  by  other  workers. 
The  factor  or  factors  are  nondialyzable.  Lyophilization  concentrates  the  per¬ 
oxidatic  activity,  and  appreciable  activity  was  found  to  remain  in  such  samples 
after  a  period  as  long  as  3  years.  Ammonium  sulfate  precipitation  at  neutral 
pH  further  concentrates  peroxidase  activity.  Appreciable  activity  remains  after 
acetone  fractionation  at  -10°  C.  The  spectrum  of  concentrated  samples  of  saliva 
show  either  a  shoulder  or  a  peak  between  400  and  410  m/m.  The  enzymatic 
activity  has  been  concentrated  by  more  than  a  factor  of  50. 

In  addition  to  donors  previously  reported  for  salivary  peroxidases,  salivary 
tryptophane,  or  a  similar  indole  containing  molecule,  as  evidenced  by  a  modified 
Hopkins-Cole  reaction,^  is  also  peroxidized  upon  introduction  of  hydrogen  per¬ 
oxide  into  the  supernatant  portion  of  centrifuged  saliva.  This  reaction  is  in¬ 
hibited  by  2.4  X  10-'*M  KCN  (Table  I). 


Table  I 

Absorbance  Values  at  570  m/i 


SAMPLE 

SAI.IVA  +  BUFFER  ] 

SALIVA  +  BUFFER 
+HA 

(FREE  SYSTEM) 

SALIVA  +  KCN 
+  BUFFER 

SALIVA 

+  KCN  +  H,Os 
(INHIBITED  SYSTEM) 

1 

.16 

.04 

.17 

.15 

2 

.21 

.09 

.22 

.19 

3 

.13 

.09 

.13 

.13 

4 

.09 

.06 

.10 

.09 

5 

.12 

.03 

.14 

.11 

6 

.06 

.01 

.08 

.08 

7 

.27 

.14 

.28 

.33 

8 

.30 

.17 

.35 

.34 

9 

.09 

.02 

.12 

.10 

10 

.26 

.05 

.28 

.24 

11 

.35 

.07 

.36 

.31 

12 

.10 

.02 

.11 

.11 

1-4  child — refrigerated  sample;  5-6  child — fresh  sample;  7-8  children — pooled  lyophilized 
sample;  9-10  young  female  adult — fresh  sample;  11-12  young  male  adult — fresh  sample. 


CLINICAL  RESULTS 

The  salivas  of  295  individual  children  were  examined  for  peroxidase  ac¬ 
tivity  in  the  spring  and  those  of  299  children  in  the  fall  of  1956.  The  frequency 
distribution,  number  of  cases,  mean  and  sigma  (standard  deviation)  for  each 
of  the  2  series  are  shown  in  Fig.  3,  A  and  B. 

From  each  series,  5  cases  that  showed  enzyme  activity  slower  than  50  sec¬ 
onds  were  excluded  from  statistical  averages  because  of  the  wide  divergence 
from  the  group  as  a  whole.  One  case  was  omitted  in  the  fall  series  because  the 
patient  wore  a  denture. 

Two  hundred  and  thirty -seven  subjects  were  members  of  both  series.  Ap¬ 
proximately  82  per  cent  of  these  subjects  maintained  their  peroxidase  activity, 
after  a  6-month  interval,  to  within  8  seconds  of  their  original  activity.  This 
variation  is  in  contrast  to  the  statistically  used  range  of  46  seconds  (3  sec.  to 
49  sec.).  Variation,  after  6  months,  expressed  as  number  of  individuals:  un¬ 
changed,  17;  1-4  sec.  difference,  64;  5-8  sec.  difference,  113;  9  see.  and  >43. 

The  65  cases  in  which  peroxidase  times  were  examined  in  the  presence  and 
absence  of  added  buffer  revealed:  (1)  The  duplicate  unbuffered  samples  showed 


846 


WOLFE  AND  TURNER 


J.  D.  Res. 
December.  1957 


an  average  of  17.0  and  16.91  seconds  (average  =  16.95  sec.).  (2)  The  single 
buifered  samples  showed  an  average  of  16.43  seconds  which  may  be  contrasted 
to  the  unbuffered  average  above. 

The  average  pH  values  of  the  fall  group  (299  eases)  was  7.45.  The  average 
pH  for  the  group  with  peroxidase  activity  of  24  seconds  or  slower  (41  cases) 
was  7.49;  the  average  pH  for  the  group  with  peroxidase  activity  9  seconds  or 
faster  (35  cases)  was  7.39.  Since  salivary  buffers  appear  sufficiently  strong 
to  maintain  pH  through  these  assays,  pH  would  not  appear  to  play  a  major 
role  in  slow  versus  rapid  peroxidase  activity. 

A. 

number  of  cases 

30 - - - 


time  in  seconds 


-PEROXIDASE  ACTIVITY 
FREQUENCY  DISTRIBUTION 
SPHIN6  SERIES 


N*290  - 
MEAN  >15.87 
(r>17.50 


number  of  coses 
30 - 


B. 


Pig.  3. 

Cases  were  grouped  on  the  basis  of  no  dental  decay  and  on  the  basis  of 
dental  decay  activity  in  the  past  6  months.  Means  and  standard  deviations  of  the 
peroxidase  times  for  each  of  these  groups  was  then  calculated.  Comparison 
of  the  average  peroxidase  times  for  the  respective  groups  are  shown  in  Table 
II. 
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Tabli  II 

Peroxidase  Analysis  by  Per  Cent  Dental  Decay  Activity 


PER  CENT  DENTAL 

DECAY  ACTIVITY 

NUMBER 

MEAN  1 

SIGMA 

Spring  Series 

01 

24 

14.58 

±5.53 

02 

36 

17.61 

±7.57 

05 

25 

17.96 

±7.43 

0.10  -  2.99 

63 

18.13 

±8.56 

3.00  -  5.99 

53 

13.62 

±6.26 

6.00  -  8.99 

29 

14.86 

±5.14 

9.00  and  > 

32 

13.94 

±7.45 

Total 

262 

15.93 

±7.42 

Fall  Series 

01 

20 

16.25 

±6.64 

02 

26 

16.11 

±5.81 

05 

24 

15.25 

±5.62 

0.10  -  2.99 

73 

17.33 

±8.27 

3.00  -  5.99 

63 

17.00 

±7.60 

6.00  -  8.99 

32 

16.56 

±8.02 

9.00  and  > 

22 

11.86 

±3.58 

Total 

260 

16.26 

±7.43 

The  means  for  the  extreme  groups  with  respect  to  dental  decay  activity 
(those  showing  the  least  but  measurable  dental  decay  activity,  0.10  to  2.99  per 
cent,  and  those  showing  the  most  dental  decay  activity,  9.00  per  cent  and  > ) , 
differed  widely.  Application  of  the  “t”  test  to  the  data  for  these  groups  in¬ 
dicated  confidence  levels  for  these  differences  for  the  spring  series  of  98  per 
cent  and  for  the  fall  series  of  99  per  cent.  While  within  each  series  other 
groupings  appeared  to  show  statistically  significant  differences,  it  was  only 
when  the  group  with  very  low  dental  decay  activity  was  contrasted  with  the 
group  with  most  dental  decay  activity  that  the  two  series  were  in  consistent 
and  close  agreement.  It  is  interesting  to  note  that  all  the  10  cases  excluded 
from  statistical  treatment  because  their  peroxidase  activities  were  slower  than 
50  seconds  were  found  among  the  caries  free  or  in  low  dental  decay  activity 
groups. 

Another  test  being  carried  for  many  of  the  children  of  these  series  was 
a  measure  of  the  amyloclastic  phase  of  starch  breakdown.  The  results  of  this 
test  are  expressed  as  the  number  of  minutes  for  a  given  salivary  sample  to 
break  an  equal  volume  of  1  per  cent  com  starch  to  a  form  not  showing  blue 
or  purple  color  with  iodine.  Graphic  plots  indicate  the  lack  of  a  high  correla¬ 
tion  coefficient  between  the  results  for  the  peroxidase  test  and  those  for  the 
dextrinizing  test  but  in  Table  III  some  relationships  of  potential  interest  are 
shown.  Cases  were  drawn  on  the  basis  of  plus  and  minus  one  standard  deviation 
and  greater  from  the  peroxidase  means,  and  their  corresponding  dextrinizing 
times  were  averaged;  eases  were  also  drawn  on  the  basis  of  plus  and  minus 
one  standard  deviation  and  greater  from  the  dextrinizing  time  mean,  and  their 
corresponding  peroxidase  activities  were  averaged. 

The  difference  in  means  for  each  group  chosen  on  the  basis  of  the  other 
fixed  characteristic  is  at  a  high  level  of  confidence  when  subjected  to  the  “t” 
test  for  statistical  significance. 
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Among  the  children  constituting  the  subjects  for  these  studies  are  many 
sibling  groups.  Sibling  pairs  were  listed  and  randomly  selected  pairs  were 
established  when  family  groups  were  made  up  of  more  than  2.  .  For  the  spring 
series  there  were  68  such  sibling  pairs.  In  the  fall,  55  of  these  pairs  were  re¬ 
tested,  and  10  sibling  pairs  were  seen  for  the  first  time.  Such  paired  samples 

d*  • 

were  subjected  to  a  test  for  variance,  was  calculated.  The  resulting  figure, 

when  divided  into  the  square  of  the  standard  deviation  for  the  same  individuals 
treated  as  a  group  (F  test),  indicates  familial  association  with  respect  to  per- 
oxidatie  activity  at  the  95  per  cent  confidence  level  for  both  series. 

DISCUSSION 

The  establishment  of  the  peroxidatic  activity  as  a  factor  of  physiologic  im¬ 
portance  and  significance  has  been  slow.  Both  doubt  as  to  the  possible  biological 
function  of  these  enzymes  and  uncertainty  with  respect  to  the  source  of  this 
activity  in  saliva  may  have  been  partially  responsible  for  this  lag.  This  paper 
and  the  test  reported  herein  represent  a  systematic  attempt  to  measure  this 
enzymatic  activity  in  the  saliva  and  relate  it  to  physiologic  factors  and  situa¬ 
tions. 

The  replicability  of  consecutive  trials,  the  relative  constancy  of  the  per¬ 
oxidase  activity  of  individuals  when  retested  after  6  months,  and  the  linearity  of 
the  enzymatic  activity  with  respect  to  successive  dilutions  of  saliva  (see  Fig.  1) 
afford  a  favorable  estimation  of  the  test  as  a  means  of  measuring  salivary 
peroxidatic  activity.  The  activity  so  measured  has  been  termed  the  effective 
peroxidizing  ability  of  saliva  toward  guaiacol  because  the  possibility  of  the 
presence  in  saliva  of  catalase,  inorganic  ions,  and  other  factors  capable  of 
destroying  hydrogen  peroxide  may  appreciably  alter  the  concentration  of  sub¬ 
strate  available  for  the  peroxidatic  reaction.  In  addition,  the  presence  in  saliva 
of  peroxidatic  donors  such  as  uric  acid  and  “tryptophane”  may  further  alter 
guaiacol  peroxidation.  However,  a  pronounced  pattern  and  constancy  of 
guaiacol  peroxidation  by  the  salivas  of  individual  subjects  have  been  demon¬ 
strated  and  further  substantiate  the  peroxidatic  enzyme  or  enzymes  as  physiologic 
entities.  Sizer®  has  reviewed  the  possible  biological  function  of  peroxidases. 

For  the  peroxidases  to  be  of  physiologic  importance,  sources  of  hydrogen 
peroxide  would  seem  to  be  requisite.  Bacteria  have  already  been  identified  as 
sources  of  hydrogen  peroxide  in  the  oral  cavity.®*  Studies  have  also  shown 
that  in  certain  reactions  peroxidases  may  function  as  oxidases.”*  ”* 

The  tryptophane  peroxidizing  ability  of  a  salivary  component  attains  sig¬ 
nificance  when  one  notes  that  tryptophane  is  frequently  a  component  of  both 
human  and  bacterial  proteins.  The  importance  of  tryptophane  in  carbohydrate 
metabolism  has  also  been  noted.^**  ” 

The  relationship  of  the  dextrinizing  ability  of  salivas  to  their  peroxidizing 
ability  was  an  unexpected  result  of  these  investigations,  and  suggests  another 
link  between  the  peroxidatic  activity  and  carbohydrate  metabolism.  While  the 


'Sum  of  the  square  of  the  differences  divided  by  two  times  the  number  of  pairs. 
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biochemical  relationship  between  amylase  and  peroxidase  is  not  readily  apparent, 
interaction  between  the  peroxidase  and  iodide  may  occur,  with  consequent  accel¬ 
eration  of  the  iodination  of  organic  molecules.'®’  Turner  and  Williams’” 

report  a  speedii_^  of  dextrinizing  time  by  addition  of  di-iodo-trymsine  to  a  nor¬ 
mal  starch  saliva  incubation  mixture. 

A  peroxidase-like  enzyme  has  been  implicated  in  the  iodination  of  thyroid 
homogenates."  Harington  and  Pitt-Rivers'®  have  reported  that  thyroxine  may 
be  synthesized  from  di-iodo-tyrosine,  and  Fruton  and  Simmonds®”  stated  that 
minute  amounts  of  thyroxine  are  synthesized  in  human  beings  in  regions  other 
than  the  thyroid  gland.  Fawcett  and  Kirkwood®'  concluded  that  the  salivary 
glands  have  a  major  role  in  the  extra-thyroidal  metabolism  of  organic  iodine. 

With  respect  to  dental  caries  activity,  our  results  indicate  that  the  largest 
differences  in  peroxidase  means  are  between  the  group  of  children  who  are, 
or  who  have  been,  subject  to  dental  decay.  In  both  series,  the  peroxidase  means 
of  the  groups  having  had  no  decay  experience  or  no  decay  in  the  past  6  months 
are  variable  and  are  not  notable  for  their  slow  peroxidase  activities,  though 
their  means  are  close  to  the  means  of  the  groups  with  low  dental  decay  activity 
and  significantly  different  from  the  most  active  caries  group.  Since  the  caries 
free  do  not  have  the  slowest  peroxidase  activity  and  plots  reveal  a  low  correla¬ 
tion  coefficient  between  per  cent  dental  decay  activity  and  peroxidase  activity, 
we  presume  that  the  salivary  peroxidatic  activity  (toward  guaiacol)  is  a  sec¬ 
ondary  factor  concerned  with  caries  activity,  or  is  in  some  way  related  to  a 
factor  or  factors  which  may  be  associated  with  caries  incidence. 

SUMMARV 

1.  A  test  for  peroxidase  activity  toward  guaiacol  has  been  adapted  for  use 
with  saliva. 

2.  The  pH  relationship  of  the  salivary  peroxidase  activity  toward  guaiacol 
has  been  determined  and  other  biochemical  aspects  investigated. 

3.  Salivary  “tryptophane”  levels  are  markedly  decreased  upon  hydrogen 
peroxide  introduction  into  the  supernatant  of  centrifuged  saliva. 

4.  The  effective  salivary  peroxidase  activity  toward  guaiacol  of  two  series 
of  children  has  been  investigated  by  this  test : 

Series  A  No.  =  290  Mean  15.87  sec.  Sigma  =  ±7.50  sec. 

Series  B  No.  =  293  Mean  16.25  sec.  Sigma  =  ±7.53  sec. 

5.  Individual  children  were  classified  according  to  their  dental  caries  ac¬ 
tivity  in  the  past  6  months.  The  corresponding  salivary  peroxidase  activities 
were  grouped  and  compared.  The  group  with  the  least  dental  decay  activity 
had  salivary  peroxidase  levels  significantly  different  from  the  group  with  the 
most  dental  decay  activity. 

6.  A  relationship  between  the  salivary  peroxidase  activity  and  the  time  of 
the  amyloclastic  phase  of  starch  breakdown  was  observed. 

7.  With  respect  to  peroxidatic  activity,  sibling  pairs  appear  to  be  more 
closely  related  to  each  other  than  to  their  group  as  a  whole. 
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8.  Salivary  peroxidase  has  been  discussed  with  respect  to  some  aspects 
of  its  possible  interrelationship  with  carbohydrate  metabolism  and  other  areas 
of  physiologic  significance. 

The  authors  acknowledge  with  pleasure  the  advice,  and  interest  of  Dr.  Roland  F.  Beers, 
Jr.,  Research  Director  of  the  Robert  W.  Johnson  Laboratory,  Bowles  Research  Fund,  Children’s 
Hospital,  Baltimore,  Md.,  and  Dr.  Irwin  W.  Sizer,  Professor  of  Biochemistry  and  Chairman 
of  the  Biology  Department,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 
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ON  THE  DETERMINATION  OF  HUMAN  SALIVA  ALDOLASE 

ACTIVITY 

KIKK  C.  HOEEMAN  AND  WILLIAM  E.  BOBINSON 
The  Dental  Research  Facility,  United  States  Naval  Training  Center,  Great  Lakes,  III. 

The  essence  of  the  aeiduric  theory  of  dental  caries  is  the  production  of 
metabolites  of  low  pH  around  the  teeth  following  glycolysis  by  oral  bacteria. 
Methods  for  measuring  the  rate  of  production  and  quantity  of  these  acid 
metabolites  has  revolved,  principally,  around  the  determination  of  the  pH.  The 
presence  of  end  products  of  glycolysis  in  saliva  per  se  has  not  been  satisfactorily 
demonstrated.  A  simple,  rapid  method  for  quantitating,  in  human  saliva  and 
other  crude  oral  material,  an  enzyme  involved  in  a  critical  reaction  of  the  glyco¬ 
lytic  cycle  would  seem  an  important  adjunct  to  studies  of  the  environmental 
features  of  the  dental  caries  processes. 

Aldolase,  an  enzyme  of  the  anaerobic  glycolytic  cycle,  catalyzes  a  reversible 
reaction  resembling  the  aldol  condensation  of  organic  chemistry.  The  enzyme 
cleaves  1  mole  of  fructose-l,6,-diphosphate  (HDP)  into  1  mole  each  of  glycer- 
aldehyde-3-phosphate  (G-3-P)  and  dihydroxyacetone  phosphate  (DHA-P).* 
It  is  the  study  of  the  characteristics  of  this  enzyme  in  human  whole  and  parotid 
saliva  that  forms  the  basis  of  this  communication. 

Meyerhof  and  Lohmann^’  *  first  demonstrated  aldolase  activity  by  following 
the  formation  of  alkali-labile  phosphate  of  the  triose  phosphates,  G-3-P  and 
DHA-P.  In  another  approach  to  aldolase  quantitation,  Warburg  and  Chris¬ 
tian®  employed  an  optical  assay  by  adding  aldolase  to  a  solution  containing 
HDP,  DPN,  arsenate  and  excess  GAP  dehydrogenase.  The  rate  of  increase  in 
absorbance  at  340  m/t  was  taken  as  proportional  to  the  rate  of  formation  of 
G-3-P  by  the  enzyme.  The  technical  requirements  of  both  these  methods  are 
great;  although  of  the  highest  accuracy,  they  are  not  readily  adapted  to  routine 
aldolase  measurements  in  crude  biologic  materials.  Recently,  Sibley  and 
Lehninger*  reported  a  colorimetric  method  for  aldolase  activity  determination 
which  has  been  successfully  used  for  routine  work  with  tissue  homogenates  and 
blood.  We  have  been  able  to  demonstrate  satisfactorily  aldolase  activity  in  hu¬ 
man  whole  saliva  using  a  modification  of  the  Sibley-Lehninger  technic.  The 
method  is  somewhat  less  satisfactory  in  demonstrating  aldolase  activity  in  hu¬ 
man  parotid  gland  secretions. 

The  opinions  or  assertions  contained  herein  are  those  of  the  authors  and  are  not  to  be 
construed  as  official  or  reflecting  the  views  of  the  Department  of  the  Navy,  or  the  Naval 
Service  at  large. 

Received  for  publication  Jan.  1,  1957 ;  revised  June  10,  1957. 

•The  following  abbreviations  are  used :  HDP,  fructose-1. 6. -diphosphate ;  G-3-P,  glycer- 
aldehyde-3-phosphate ;  DHA*P,  dihydroxyacetone  phosphate;  DPN,  diphosi^opyridlne  nucleo¬ 
tide;  GAP,  glyceraldehyde  phosphate;  GALD,  dl  glyceraldehyde ;  ALP,  alkali-labile  phos¬ 
phorus;  TCA,  trichloroacetic  acid;  2.4  DNPH,  2,4  dinitrophenylhydrazine ;  TRIS,  trls  (hy¬ 
droxymethyl)  aminomethane ;  TRIS-M,  tris  maleate;  N^NSOi,  hydrazine  sulfate;  PY,2,4 
DNPH,  pyruvic-2,4-dinitrophenylhydrazone ;  MG-2,4-DNPO,  methylglyoxal-2,4-dinitrophenylosa- 
zone. 
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PROCEDURES 


Principle  of  Method. — The  following  scheme  for  the  reaction  has  been  pro¬ 
posed  by  Beck* : 


Aldolase 

HDP  +  NH,NSO^  + - >  G-3+P  DHA-P 

SO-minute  enzyme  reaction 


+  NaOH 


PY  2,4  DNPH 


+  2,4  DNPH  + 


excess  / 
NaOH\ 


MG  2,4  DNPO 

60-minute  chromogen  reaction 


The  triose  phosphates  (G-3-P  and  DHA-P)  formed  during  the  action  of 
aldolase  upon  HDP  are  trapped  by  the  carbonyl  reagent  hydrazine.  This  re¬ 
action  prevents  further  enzymic  action  by  triose  phosphate  isomerase.  Accord¬ 
ingly,  measurement  of  the  triose  phosphates  formed  exclusively  by  the  action 
of  aldolase  may  be  accomplished.  Upon  the  addition  of  2,4  DNPH,  in  the  pres¬ 
ence  of  alkali,  triose  phosphate  chromogens  are  formed.  The  optical  density, 
taken  at  540  m/t,  of  these  ehromogens  is  directly  related  to  the  quantity  of  triose 
phosphate  produced  by  the  action  of  aldolase  on  HDP.  In  keeping  with  the 
chromogen-product  relationship,  the  quantity  of  HDP  split  per  hour  may  be 
calculated. 


Reagents. — 

1.  Fructose-1, 6-diphosphate  (barium  salt):*  HDP  is  0.05  M,  pH  7.6.  A  quantity  of 
HDP  is  dissolved  in  1  N  HCl  and  the  barium  salt  is  removed  by  adding  excess  NajS04. 
A  yellow  color,  if  present  in  the  solution,  may  be  removed  by  shaking  with  norit.  The 
pH  is  adjusted  to  7.6  with  NaOH  and  the  solution  is  filtered  and  diluted  to  a  final  con¬ 
centration  of  0.05  M.  HDP  is  stable  for  2  weeks  at  4®  C.  and  may  be  stored  indefinitely 
in  the  frozen  state. 

2.  Hydrazine  sulfate:  This  solution  is  0.22  M  at  pH  7.6. 

3.  Tris  (hydroxymethyl)  aminomethane-maleate  buffer  (TBIS-M) :  This  buffer  is  0.1 
M  at  pH  7.6.  Stock  solutions  of  0.1  M  TRIS-M  (12.1  g  of  Tris  grade  buffer  and  11.6  g  of 
maleic  acid  or  9.8  g  of  maleic  anhydride  in  1  L.  of  water)  and  0.1  N  NaOH  are  made.  To 
obtain  the  desired  buffer  solution,  50  ml.  of  TBIS-M  were  mixed  with  58  ml.  of  NaOH  and 
diluted  to  a  total  of  200  ml.  This  buffer  was  stored  in  the  cold. 

4.  Trichloroacetic  acid:  (10  per  cent). 

5.  £,4  dinit rophenylhy dr azine :  Two  hundred  miligrams  of  2,4  DNP  were  dissolved  in 
200  ml.  of  2  N  HCl  and  filtered. 

6.  NaOH:  (0.75  N  in  concentration). 


Methods. — 

a.  Whole  (supernatant)  saliva:  Whole  saliva  was  collected  by  paraffin 
stimulation  and  centrifuged  at  2,000  rpm.  One  milliliter  of  the  supernatant 
saliva  was  placed  in  a  10  x  100  mm.  test  tube.  To  this  was  added  in  order,  1  ml. 
of  TRIS-M  buffer,  0.25  ml.  of  hydrazine,  and  0.25  ml.  of  HDP,  The  tube  was 
stoppered  and  placed  in  a  constant  temperature  bath  at  38°  C.  for  30  minutes. 
The  reaction  was  stopped  by  adding  2.0  ml.  of  TCA.  The  solution  was  then 
filtered  and  1.0  ml.  of  the  TCA  filtrate  was  transferred  to  a  19  x  150  mm. 

*  Schwarz  Laboratories.  Mount  Vernon,  New  York. 
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cuvette.  To  this  was  added  1.0  ml.  of  0.75  N  NaOH.  The  cuvette  was  allowed 
to  stand  at  room  temperature  for  10  minutes.  One  milliliter  of  2,4  DNPH  was 
then  added.  The  cuvette  was  stoppered  and  placed  in  the  38°  C.  water  bath 
for  1  hour.  After  this  period  of  chromogen  development,  7.0  ml.  of  0.75  N 
NaOH  w'as  added.  The  optical  density  at  540  m/*  (Coleman  Junior  Spectro¬ 
photometer)  was  recorded  after  the  reaction  stood  for  10  minutes. 

b.  Parotid  saliva:  Parotid  saliva  was  collected  according  to  the  method 
of  Curby.®  Aldolase  activity  tests  varied  in  the  parotid  reactions  in  that  the 
incubation  temperature  and  time  were  increased  to  55°  C.  and  45  minutes,  re¬ 
spectively.  Three  milligrams  of  inactivated  human  serum  albumin  were  added 
to  each  milliliter  of  parotid  saliva  before  incubation.  Chromogen  development 
was  done  at  38°  C,  Supernatant  and  parotid  saliva  reaction  blanks  were  made 
by  following  the  procedure  throughout  except  that  HDP  was  added  after  the 
addition  of  TCA. 


Fig.  1. — A  typical  standard  curve  for  the  colorimetric  assay  of  aldolase  activity  based 
on  the  alkali-labile  phosphorus  of  the  tripose  phosphates  formed  after  exposure  of  fructose-1,6 
diphosphate  to  varying  quantities  of  rabbit  muscle  aldolase. 

Standardization  of  Method. — 

We  have  chosen,  for  the  purpose  of  comparison  with  published  serum  aldo¬ 
lase  values,  to  express  salivary  aldolase  activity  in  terms  of  cubic  millimeters  of 
HDP  split  per  hour.  One  unit  of  aldolase  activity  may  be  defined  as  1  mm,®  of 
HDP  split  per  hour.  The  following  conversion  data  are  of  importance  in  stand¬ 
ardization  procedures:  1  mole  of  HDP  =  2  moles  of  triose  phosphate  =  22.4 
mm.®  HDP  =  62  /ug  of  alkali-labile  phosphorus  (ALP). 

Standardizing  reactions  were  run  by  the  method  employing  varying  con¬ 
centrations  of  rabbit  muscle  aldolase  as  an  enzyme  source.  One  milliliter  of  the 
TCA  filtrate  of  each  reaction  was  subjected  to  chromogen  development.  The 
remainder  of  the  TCA  filtrate  was  divided  into  equal  aliquots  for  determination 
of  ALP  by  the  method  of  Fiske  and  Subbarow.^  The  per  cent  transmittance 
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of  each  chromogen  reaction  was  then  related  to  its  respective  ALP  determina¬ 
tion.  By  conversion  of  ALP  to  mm.®  HDP  split,  a  plot  of  mm.®  IIDP  split 
versus  ehromogen  per  cent  transmittance  was  obtained.  A  typical  standard 
curve  derived  by  the  preceding  method  is  shown  in  Fig.  1.  This  method  of 
standardization,  albeit  satisfactory,  is  cumbersome  and  requires  the  use,  in  some 
instances,  of  crude  aldolase  preparations  which  have  variable  reaction  optima.® 
Moreover,  commercial  HDP  contains  high  inorganic  phosphorus  values  which 
lessen  the  accuracy  of  ALP  determinations.  Nonetheless,  the  difficulty  in  ob¬ 
taining  pure  triose  phosphates  for  use  as  primary  standards  requires,  in  a  meas¬ 
ure,  the  standardization  by  ALP  measurements. 

Beck,®  on  the  other  hand,  has  suggested  the  use  of  pure  triose  (GALD) 
as  a  secondary.  Based  on  the  difference  in  spectral  characteristics  between  pure 
triose  chromogen  and  the  triose  phosphate  ehromogen  of  aldolase  reactions,  it 
was  found  that  GALD  was  a  satisfactory  standard  provided,  of  course,  a  cor¬ 
rections  factor  for  the  absorption  differences  was  introduced.  A  typical  salivary 


Fig.  2. — A  typical  secondary  standard  curve  for  the  colorimetric  assay  of  aldolase  activity 
based  on  the  concentration  of  di  glyceraldehyde. 

aldolase  assay  with  a  GALD  standard  along  with  the  correction  factor  for  ex¬ 
pressing  the  enzyme  activity  in  terms  of  mm.®  HDP  split  is  presented  in  Table  I. 
The  correction  factor,  as  found  in  this  experiment  was  1.9. 

The  GALD  standard  curve,  as  shown  in  Fig.  2,  was  set  out  in  the  follow¬ 
ing  fashion:  (a)  Chromogen  development  reactions  were  done  on  GALD  in 
concentrations  ranging  from  5  to  40  /*g  per  cuvette.  The  optical  density  at  540 
m/i  of  each  GALD  ehromogen  reaction  was  then  plotted  on  cross  section  graph 
paper  against  the  corresponding  GALD  concentration,  (b)  The  correction  fac¬ 
tor  was  calculated  by  expressing  each  GALD  ehromogen  reaction  in  terms  of 
■  O.D.//i]M  GALD  triose/ml./cuvette.  At  the  same  time,  pooled  supernatant 
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saliva  was  tested  for  aldolase  activity  by  the  method  previously  described. 
Each  triose  phosphate  chromogen  reaction  was  expressed  in  terms  of  O.D.//a]VI 
triose  phosphate/ml./cuvette.  Triose  phosphate,  in  this  instance,  was  de¬ 
termined  by  ALP.  The  ratio  of  the  mean  O.D.//iJVI  triose/ml. /cuvette  and 
O.D.//JVI  triose  phosphate/ml./cuvette  was  taken  as  the  correction  factor  (See 
Table  I). 

Table  I 

Salivary  Aldolase  Assay  With  dl  Glyceraldehyde  Standard  and  Correction  Factor  for 
Use  in  Routine  Enzyme  Quantitation 


triose  per  ml.  d  per  /im  per 

SYSTEM  D5„  in  cuvette  ML.  IN  CUVETTE  MEAN 


ml. 

/iM 

Pooled  supernatant  saliva 

0.5 

0.120 

0.00329* 

36.4 

Pooled  supernatant  saliva 

1.0 

0.229 

0.00645 

35.5 

Pooled  supernatant  saliva 

1.0 

0.460 

0.0123 

37.4 

36.8 

Pooled  supernatant  saliva 

1.0 

0.470 

0.0135 

34.9 

Pool«*d  supernatant  saliva 

1.0 

0.450 

0.0113 

39.9 

dl  glyceraldehyde  (GALD) 

/*g 

40.0 

0.850 

0.0444 1 

19.1 

il  glyceraldehyde  (GALD) 

30.0 

0.655 

0.0333 

19.7 

dl  glyceraldehyde  (GALD) 

20.0 

0.436 

0.0222 

19.6 

dl  glyceraldehyde  (GALD) 

14.5 

0.320 

0.0161 

19.9 

19.4 

dl  glvceraldehyde  (GALD) 

10.5 

0.235 

0.0121 

19.4 

dl  glyceraldehyde  (GALD) 

10.0 

0.238 

0.0111 

21.4 

dl  glyceraldehyde  (GALD) 

5.0 

0.092 

0.0055 

17.0 

The  correction  factor  in  this  experiment  is  36.8/19.4  =  1.9,  therefore: 


GALD  Chromogen  Triose  Phosphate  Chromogen 

*mM  X  1.9  =  'mM 

Also:  GALD  (Mg^yr  cuvette)  ^ 

•Determined  as  ALP  in  aliquot  of  TCA  filtrate  X  0.1. 
tAliquot  of  known  stock  solution. 


EXPERIMENTAL  CONDITIONS 

pH  Optimum  and  Buffer. — Bounce  and  Cook  and  others,^’  ®  in  their  work 
with  optimum  experimental  conditions  for  human  serum  aldolase  activity,  have 
suggested  the  use  of  Tris  buffer  at  pH  8.6.  On  the  other  hand,  Bruns®  found 
that  the  greatest  activity  of  serum  aldolase  occurred  in  the  presence  of  2,4,6 
trimethylpyridine  (collidine)  buffer  at  pH  7.4.  We  have  explored  a  range  of 
buffers  at  pH’s  ranging  from  6.2  to  10.0  in  order  to  find  the  optimum  pH  for 
salivary  aldolase  activity  in  both  parotid  and  supernatant  saliva.  Regardless 
of  the  buffer  used  the  optimum  pH  for  salivary  aldolase  activity  was  found  to 
be  7.6  (Pig.  3),  Greatest  activity  occurred  in  the  presence  of  0.1  M  TRIS-M 
buffer. 

Reaction  Time  and  Temperature  Optimum. — The  optimum  reaction  tem¬ 
perature  for  supernatant  salivary  aldolase  was  approximately  45°  C.  How¬ 
ever,  38°  C.  was  selected  for  our  work  since  the  sensitiveness  was  essentially 
equal  at  the  2  temperatures ;  the  lower  degree  being  considered  the  safer.  Pa¬ 
rotid  saliva  aldolase  activity  was  at  its  optimum  at  55°  C.  Parotid  aldolase  ac¬ 
tivity  was  barely  measureable  at  38°  C.  It  was  found  necessary,  however,  to 
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protect  the  enzyme  from  the  higher  incubation  temperature  by  adding  in¬ 
activated  human  serum  albumin  to  the  reaction  system.  A  time  course  of  both 
supemate  and  parotid  aldolase  reactions  is  shown  in  Fig.  4.  The  optimum  in¬ 
cubation  period  was  found  to  be  between  15  and  40  minutes. 


^^0  '  lb  '  20  '  3'0  '  40  '  5'0  '  60 
TIME  IN  MINUTES 

Fig.  4. — time  course  of  salivary  aldolase  reactions. 


Determination  of  Kinetic  Constants. — ^Measurements  of  the  initial  velocity 
of  supernatant  and  parotid  enzymes  were  made  at  several  substrate  concentra¬ 
tions  at  pH  7.6.  Fig.  5  shows  the  values  obtained  in  one  such  experiment.  An 
approximation  of  the  Michaelis-Menten  constants  was  calculated  in  the  manner 
of  Dixon.^°  From  the  slopes  and  intercepts,  Kn,  was  of  the  order  of  .001  M  for 
the  supernate  enzyme.  The  Km  values  found  for  the  parotid  enzyme  indicated 
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a  low  substrate  specificity.  Initial  velocity  studies  of  the  parotid  reactions  were 
carried  out  under  optimum  conditions  of  temperature,  pH,  and  time  of  incuba¬ 
tion.  Since  the  reactions  were  run  at  abnormally  high  temperatures,  and  since 
repeated  Km  determinations  revealed  low  substrate  specificity,  one  should  be 
chary  about  drawing  too  close  attention  to  kinetic  constants  of  the  parotid 
aldolase.  As  a  matter  of  information,  the  Km  value  of  parotid  aldolase  was 
approximated  to  be  .008  M.  For  the  assay  of  supernatant  saliva  aldolase  the 
molarity  of  the  substrate  was  kept  at  0.005.  It  would  seem  that  for  parotid 
aldolase  assays  one  would  increase  the  molarity  of  HDP  to  approximately  0.01. 


HOP  MOLARITY  (10-3) 


Fig.  6. — Initial  velocities  of  parotid  and  supernatant  saliva  aldolase  at  systematically  varied 

substrate  concentrations. 

Source  and  Distribution  of  Salivary  Aldolase. — On  the  basis  of  inhibition 
studies,  salivary  aldolase  activity  (total  admixture)  was  considered  to  be  of 
bacterial  and  yeast  origin.  Warburg  and  Sakuma*^  and  Kubowitz^®  have  shown 
that  the  metal  complexing  agent,  cysteine,  completely  inhibits  yeast  aldolase 
activity  at  slightly  alkaline  pH’s.  We  have  investigated  the  inhibitorj^  prop¬ 
erties  of  cysteine  on  salivary  aldolase  activity  and  filtrates  of  oral  lactobacilli 
and  yeasts.  Cysteine  (0.2  M  in  the  reaction  system)  completely  inhibited  aldo¬ 
lase  activity  in  each  of  a  series  of  30  individual  caries-active  salivas.  The  con¬ 
clusion  was  reached  that  salivary  aldolase  was  of  yeast  origin  or  at  least  asso¬ 
ciated  with  a  dissociable  heavy  metal  complex.  The  fact  that  aldolase  activity 
was  demonstrated  in  the  filtrates  of  oral  lactobacilli  and  was  not  completely  in¬ 
hibited  by  cysteine,  as  shown  in  Table  II,  does  not  imply  that,  in  the  oral  en¬ 
vironment,  bacterial  aldolase  is  exempt  from  cysteine  inhibition.  It  is  known 
that  cysteine  inhibition  can  be  reversed  or  prevented  by  high  concentrations  of 
zinc,  iron,  cobalt,  or  copper.  The  possibility  exists  that  the  medium  in  which 
the  oral  lactobacilli  were  grown  (Eogosa)  contained  high  enough  quantities  of 
iron  so  that  cysteine  inhibition  was  partially  prevented  or  reversed.  The  re¬ 
sults  of  our  bacterial  filtrate  studies  are  presented  in  full  in  Table  II, 

Salivary  aldolase  activity  was  not  inhibited  by  sodium  N  lauroyl  sarcosinate 
(4.0  mM  in  the  reaction  system).  This  finding  was  in  accord  with  that  reported 
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Table  U 

The  Effect  of  Cysteine  on  Aldolase  Activity  in  Filtrates  of  Oral  Yeasts 

AND  Lactobacilli 


MM.S  HDP  split  per  HOUR 


ORAL  ORGANISM  | 

NO  inhibition  I 

INHIBITION 

Lactobacillus  casci 

27.50 

19.20 

Lactobacillus  plantarium 

20.20 

17.00 

Lactobacillus  fermenti 

20.80 

16.24 

Lactobacillus,  mixed  culture 

22.50 

15.90 

Yeast  Isolate  I 

11.00 

0.00 

Yeast  Isolate  II 

14.00 

0.00 

Yeast  Isolate  III 

9.00 

0.00 

One-half  milliliter  of  filtrate  was  tested  following  a  72-hour  Incubation  period.  Cysteine 
was  0.2  M  concentration  in  aldolase  reaction  system. 

by  Carbon,  Blackwell,  Calandra,  and  Fosdick,^*  who  worked  with  a  cell-free 
yeast  extract  as  an  enzyme  source. 

The  mean  aldolase  activity  in  the  supernatant  saliva  of  36  male  adults, 
ages  17  to  22  years,  was  26.05  ±  20.32  units  per  milliliter.  The  mean  aldolase 
activity  in  the  parotid  saliva  of  the  same  group  was  6.57  ±  2.61  units  per  milli¬ 
liter.  The  mean  parotid  aldolase  value  (6.57  units  per  ml.)  was  remarkably 
close  to  that  in  serum  reported  by  Sibley  and  Fleisher.“  Five  of  the  group  of 
36  individuals  assayed  for  aldolase  activity  were  caries  free.  They  exhibited  no 
evidence  of  carious  lesions  or  previous  dental  restorations.  The  mean  aldolase 
activity  in  the  supernatant  saliva  of  these  caries-free  individuals  was  13.20 
units  per  milliliter.  Although  this  information  is  of  no  statistical  value  at 
present,  it  does  serve,  however,  to  raise  a  question  as  to  the  possible  dental  clini¬ 
cal  significance  of  salivary  aldolase  activity  as  a  diagnostic  tool. 

DISCUSSION 

The  aldolase  reactions  in  whole  (supernatant)  saliva,  as  determined  by  the 
method  reported  here,  proceed  in  a  reproducible  fashion  in  the  presence  of  the 
specific  substrate  (HDP).  The  effective  substrate  concentration,  as  determined 
by  Michaelis-Menten  constants,  was  in  good  agreement  with  those  reported  by 
others.*’  The  method  was  considered  entirely  satisfactory  for  the  determina¬ 
tion  of  whole  salivary  aldolase  activity.  On  the  other  hand,  some  doubt  was 
cast  on  the  reliability  of  parotid  saliva  aldolase  measurements.  Even  though 
the  enzyme  reaction  appeared  to  proceed  in  the  presence  of  a  specific  substrate, 
the  low  substrate  specificity  as  demonstrated  by  high  Km  values  leads  one  to 
consider  2  possibilities  concerning  the  parotid  aldolase  reactions.  That  (a)  the 
enzyme  does  not  occur  at  all  in  the  parotid  secretion  and  the  measurable  ac¬ 
tivity  might  indeed  be  an  artifact  due  to  the  breakdown  of  the  substrate  in  a 
side  reaction,  or  (b)  that  a  competitive  inhibitor  in  the  reaction  raised  the  Km 
values  since  a  certain  percentage  of  enzyme  molecules  would  always  be  occupied 
by  inhibitor  molecules  and  the  inhibitor  then  would  have  to  be  crowded  out  by 
excess  substrate.** 

Tissue  aldolase,  with  which  parotid  saliva  aldolase  may  be  classified,  is  an 
intracellular  enzyme  that  can  be  demonstrated  in  body  fluids  after  physiologic 
or  pathologic  breakdown  of  cells.*®  It  would  seem  quite  likely,  in  light  of  the 
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high  level  of  metabolism  of  the  parotid  gland,  that  aldolase  would  be  present  in 
the  secretion  and  it  has  been  demonstrated  in  tissue  homogenates  of  parotid 
glands.*  Accordingly,  further  investigation  into  methods  for  satisfactorily 
demonstrating  parotid  aldolase  would  seem  important.  There  is  substantial 
reason  to  believe  that  parotid  aldolase  would  elevate  in  certain  pathologic  con¬ 
ditions  of  the  gland  and  perhaps,  also,  in  disease  conditions  of  other  organs.®’ 

It  has  been  suggested  by  Cori*  that  the  optimum  pH  for  aldolase  in  the 
presence  of  carbonyl  reagents  (hydrazine)  is  in  part  a  reflection  of  the  pH  of 
optimum  rate  of  combination  of  such  reagents  with  triose  phosphate.  Salivary 
aldolase  activity  at  pH  8.6  (TRIS)  was  found  to  be  independent  of  the  pres¬ 
ence  of  hydrazine.  At  pH  7.6  (TRIS-M)  the  saliva  enzyme  activity  was  lower 
in  the  presence  of  hydrazine,  even  though  the  pH  was  at  its  optimum  for  the 
reaction.  From  these  data,  we  have  concluded  that  at  pH  7.6,  salivary  aldolase 
activity  is  at  its  optimum  while,  at  the  same  time,  the  pH  optimum  for  the  com¬ 
bination  of  hydrazine  with  triose  phosphate  is  at  optimum.  These  are  the  cir¬ 
cumstances  under  which  the  deleterious  as  well  as  the  advantageous  effects  of 
hydrazine  must  be  recognized.  Due  to  these  uncertainties  of  pH  in  regard  to 
carbonyl  reagents,  we  ave  not  able  to  accept  the  values  for  salivary  aldolase 
activity  as  absolute.  However,  the  values  are  acceptable  on  a  comparative  basis, 
since  no  influences  upon  the  standardization  procedure  of  the  method  are 
present. 

SUMMARY 

Optimum  experimental  conditions  for  the  colorimetric  quantitation  of  aldo¬ 
lase  activity  in  human  whole  (supernatant)  saliva  have  been  determined.  A 
method  for  the  standardization  of  the  procedure,  free  from  some  of  the  incon¬ 
veniences  of  formerly  employed  technics,  has  been  studied  and  described.  In¬ 
hibition  of  supernatant  saliva  aldolase  activity  by  cysteine  strongly  suggested 
a  source  from  oral  yeasts  and  bacteria.  The  Michaelis-Menten  constant  for 
parotid  saliva  aldolase  suggested  a  low  effective  substrate  concentration  and  in 
turn  shed  doubt  on  the  present  method  as  useful  in  parotid  aldolase  determi¬ 
nations.  The  subject  warrants  further  investigation  in  order  to  determine  the 
presence  of  inhibitors  or  undesirable  substrate  side  reactions. 
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ANXIETY  AND  DENTAL  CARIES 
G.  T.  PHIPPS,  D.D.S.,  AND  F.  L.  MARCUSE,  Ph.D. 

The  State  College  of  Washington,  Pullman,  Wash. 

This  study  is  concerned  with  the  relation,  if  any,  between  manifest  anxiety 
as  measured  by  the  Taylor  Anxiety  Scale®  and  caries  as  indicated  by  a 
DMFT^^  (decayed,  missing,  and  filled  teeth)  surface  index.  The  Taylor  Mani¬ 
fest  Anxiety  Scale  comprises  65  items  which  allows  for  both  an  “A”  (anxiety) 
score  based  on  50  items  and  an  “L”  (lie)  score  based  on  15  items.  Too  high 
an  “L”  score  makes  the  “A”  score  of  dubious  significance.®  The  subject 
is  required  to  indicate  whether  the  item  is  true  or  mostly  true  or  false  or  mostly 
false  about  himself.  Empirically,®  the  scale  has  been  found  to  be  of  value  in 
selecting  individuals  (hospitalized  and  nonhospitalized)  with  manifest  anxiety 
symptoms. 

The  possibility  of  an  emotional  factor  playing  a  role  in  dental  decay  has 
been  discussed.®’  ®’  ®  This  theory"  would  hold  that  emotional  changes  affect 

glandular  activity  and  that  such  altered  glandular  activity  may  in  turn  change 
the  chemistry  of  the  saliva  and  be  conducive  to  greater  caries  activity.  This 
mechanism  by  which  emotions  are  said  to  influence  tooth  decay  is  assumed 
rather  than  demonstrated. 

Manhold,®’  ®  investigating  the  possibility  of  a  relationship  between  person¬ 
ality  factors  and  dental  caries,  found  a  positive  correlation  between  certain 
personality  characteristics  and  the  amount  of  dental  decay.  While  no  criticism 
of  the  tests  used  or  the  number  of  subjects  employed  is  to  be  leveled  at  his  work, 
control  of  certain  variables  such  as  urban-rural  background  and  socioeconomic 
status  was  lacking.  Inasmuch  as  these  variables  were  said  to  be  important, 
by  the  authors  of  his  personality  scales,  we  may  suspect  that  their  use  tended  to 
select  on  an  urban-rural  and  a  socioeconomic  basis.  Thus,  differences  in  dental 
decay  that  are  found  might  be  attributed  to  environmental  factors,  such  as 
diet,  which  are  concomitant  with  status  differences,  rather  than  to  attitudes 
as  Manhold  claimed. 

The  present  study  proposes  to  investigate  the  possibility  that  groups  of  sub¬ 
jects  who  differ  only  on  the  psychologic  variable  of  anxiety  will  also  differ  in 
the  pH  of  their  saliva  and  in  the  amount  of  surface  dental  decay.  ^ 

METHOD 

In  the  DMFT  score,  a  value  of  one  is  given  for  each  decayed,  missing,  or 
filled  tooth  and  the  total  of  these  is  the  DMFT  score.  Inasmuch  as  eruption 
dates  of  third  molars  are  very  irregular  and  because  of  the  fact  that  these  teeth 

This  study  was  done  in  partial  fulflllment  of  the  requirements  for  the  Degree  of  Master 
of  Science  in  Psychology  at  The  State  College  of  Washington. 
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are  sometimes  removed  for  reasons  other  than  decay,  they  are  not  taken  into 
account  and  the  rating  is  based  on  28  teeth  with  a  total  possible  score  of  28. 
The  value  of  so  scoring  is  even  more  obvious  when  x-ray  facilities  are  not  at 
hand  to  detect  nonerupted  teeth.  The  criterion  for  scoring  a  tooth  as  surface- 
decayed  is  the  presence  of  a  cavity  large  enough  to  admit  a  No.  3  dental  ex¬ 
plorer  or  to  hold  such  an  explorer  firmly.  The  criterion  for  scoring  a  tooth 
as  missing  or  filled  is  apparent. 

All  new  students,  1,677,  registering  at  the  State  College  of  Washington  in 
September,  1955,  completed  the  Taylor  Anxiety  Scale.  The  224  subjects  with 
an  “L”  score  of  7  and  over  were  discarded  inasmuch  as  an  “L”  score  of  this 
magnitude  has  been  found  to  be  associated  with  an  unreliable  “A”  score.®  Dis¬ 
tributions  were  then  made  for  the  remaining  male  and  female  subjects.  The 
upper  7  per  cent  and  the  lower  7  per  cent  of  the  2  distributions  were  then  used 
in  the  experiment.  The  male  “A”  scores  were  below  4  (mean  =-  2.2)  and 
above  21  (mean  =  25.4)  while  the  females  had  “A”  scores  below  7  (mean  = 
4.0)  and  above  24  (mean  =  27.6). 

The  subjects  did  not  know  that  they  were  to  be  given  a  dental  examination 
when  they  reported,  nor  did  the  examiner  know  whether  any  given  subject  was 
from  a  high-  or  low-anxiety  group.  When  the  subject  arrived  (he  had  been 
sent  a  post  card  requesting  his  presence*),  it  was  briefly  explained  to  him  or 
her  that  a  study  of  the  acidity  of  saliva  and  the  amount  of  dental  decay  was 
being  conducted  by  a  dentist  (G.  T.  P.).  The  subject  was  then  seated  in  a 
dental  chair  and  after  he  had  followed  the  instructions  to  swallow,  a  No.  14,400 
Beckman  electrode  assembly  was  placed  in  the  mouth  and  under  the  tongue  (like 
a  thermometer).  After  1  minutet  had  elapsed,  the  pH  reading  of  the  mixed 
saliva  was  taken  on  a  Beckman  “G”  pH  meter.  Note  w^as  made  of  the  time 
of  day  at  which  the  pH  reading  was  taken  inasmuch  as  hourly  fluctuations  may 
be  important.^  After  the  pH  reading  of  the  saliva  was  recorded,  the  subject 
was  given  a  DMFT  examination.  Inquiry  was  made  of  the  subject,  when 
missing  teeth  were  noted,  as  to  whether  such  teeth  had  been  removed  by  acci¬ 
dent,  for  orthodontic  reasons,  or  because  of  decay.  However,  inasmuch  as  89 
per  cent  of  the  DMFT  score  was  contributed  by  F  (90  per  cent  in  high  A  and 
88  per  cent  in  low  A)  this  point  is  probably  not  too  important. 

After  the  termination  of  the  dental  examination,  the  subject  was  requested 
to  complete  a  questionnaire  which  obtained  information  on  the  following  vari¬ 
ables:  age,  sex,  urban-rural  residence  (below  5,000  was  considered  rural), 
father’s  socioeconomic  status  (day  laborer,  office  employee,  owner  of  a  business, 
professional),  oral  hygiene  practices  (frequency  of  cleaning  the  teeth),  and 
sugar  consumption  (with  regard  to  milk,  pie,  cake,  candy,  white  bread,  soft 
drinks,  and  the  amount  of  sugar  that  might  be  used  in  coffee  or  tea).  These 
data  were  used  to  ensure  that  the  2  samples  (high-  and  low-anxiety)  varied 
only  in  one  dimension — anxiety. 

•While  the  original  data  called  for  203  subjects,  105  are  reported  on.  The  groups  used 
did  not  differ  significantly  from  the  original  groups  in  their  mean  anxiety  scores. 

tPilot  studies  over  10-mlnute  periods  indicated  that  variations  from  the  l-minute  reading 
were  statisticallly  nonsig^nificant. 
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RESULTS 

Using  the  Chi-Square  Test  for  dichotomous  relationships  and  the  “t”  test 
for  nondichotomous  relationships,  results  obtained  indicated  that  there  were  no 
differences  even  approaching  significance  between  high-  and  low-anxiety  groups 
on  such  variables  as:  age,  sex,  rural-urban  residence,  socioeconomic  status,  oral 
hygiene,  time  of  day  tested,  and  consumption  of  sugar.  Inasmuch  as  significant 
sex  differences  within  high  and  within  low  A  groups  were  not  found  in  regard 
to  pH  reading  or  DMFT  score,  male  and  female  results  were  combined. 


Table  I 

Comparison  by  the  “t”  Test  of  High-  and  Low- Anxiety  Groups  on  pH  op  Saliva  and 

DMFT  Score 


factor  I 

HIGH  A  1 

LOW  A 

(N  =  54)  1 

(n  =  51) 

««t»» 

pH  of  saliva 

6.0  ±  0.3 

6.1  ±  0.4 

0.6 

DMFT  score 

13.1  ±  6.2 

13.6  ±  5.9 

0.5 

Results  indicate  that  there  is  no  significant  difference  in  the  mean  pH  of 
the  saliva  nor  of  the  mean  DMFT  score  of  a  group  of  subjects  with  high-anxiety 
scores  and  a  group  of  subjects  with  low-anxiety  scores. 

DISCUSSION  AND  SUMMARY 

In  this  study,  all  the  subjects  were  given  their  DMFT  examination  and 
score  by  the  same  examiner.  This  would  make  any  biases  constant  for  both 
high-  and  low-anxiety  groups.  Most  previous  studies  have  suffered  from  the 
fact  that  they  have  not  held  important  variables  constant  in  the  process  of 
exploring  this  area  and  consequently  may  have  obtained  spurious  results.  In 
conducting  a  DMFT  examination,  it  might  well  be  argued  that  missing  teeth 
(M)  and  fillings  (F)  are  seldom  overlooked,  however,  small  unattended  cavities 
(D)  on  the  interproximal  surface  of  a  tooth  will  be  disregarded  especially  when 
x-rays  are  not  available.  The  effect  of  this  problem  is  assumed  to  be  similar 
for  both  high-  and  low-anxiety  groups.  It  might  be  also  questioned  whether 
or  not  a  finer  analysis  rather  than  an  all  or  none  score  of  the  extent  of  decay 
in  a  given  tooth  is  feasible.  It  is  difficult  to  estimate,  especially  without  x-ray, 
the  degree  of  decay  present.  The  pH  reading  of  the  saliva  reported  here  is 
lower  than  that  which  is  usually  recorded.  This  may  be  due  to  the  fact  that 
in  this  study  we  have  measured  the  pH  of  relatively  unstimulated  saliva  while 
other  studies  have  used  actively  stimulated  saliva.  By  doing  this  they  have 
increased  the  rate  of  flow  of  saliva  which  influences  its  pH.^“  Furthermore, 
most  previous  studies  of  salivary  pH  have  been  made  of  saliva  after  removal 
from  the  mouth. 

CONCLUSION 

Either  the  Taylor  Anxiety  Scale  does  not  discriminate  anxious  from  non- 
anxious  subjects,  or  anxiety,  as  measured,  is  not  related  to  the  pH  of  saliva  nor 
to  dental  decay  as  measRred  by  the  DMFT  score. 
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SERIAL  HISTOLOGIC  EFFECTS  OF  RAT  SUBMAXILLARY  AND 
SUBLINGUAL  SALIVARY  GLAND  DUCT  AND 
BLOOD  VESSEL  LIGATION 

SAMUEL  M.  STANDISH  AND  WILLIAM  G.  SHAFEE 
Indiana  University  School  of  Dentistry,  Department  of  Oral  Pathology,  Indianapolis,  Ind. 

ONE  of  the  chief  efforts  of  this  laboratory  has  been  directed  toward  study 
of  experimental  tumor  induction  in  the  salivary  glands;  however,  it  soon 
became  apparent  that  little  is  actually  kno^vn  of  the  manner  in  which  these 
organs  react  to  various  stimuli  or  injuries.  This  interest  was  further  accentu¬ 
ated  by  the  frequent  changes  noted  in  rat  submaxillary  glands,  implanted  with 
3-methylcholanthrene  or  7,12-dimethylbenz  [a]  anthracene,  and  undergoing  meta¬ 
plasia,  hyperplasia,  and  neoplasia,  which  resembled  those  changes  occurring  in 
salivary  glands  whose  main  excretory  ducts  had  been  ligated.^ 

The  available  literature  on  the  effects  of  submaxillary  and  sublingual  gland 
duct  ligation  is  remarkably  sparse  and  lacking  in  description  of  the  technic 
employed  and  no  previous  studies  could  be  found  reporting  the  effects  of  liga¬ 
tion  of  the  arterial  blood  supply.  Certain  aspects  of  the  effects  of  salivary  duct 
ligation  have  been  reported  by  Junqueira,*  Rabinovitch,  Rothschild,  and  Jun- 
queira,®  Fernandes  and  Junqueira,*  Junqueira  and  Rabinovitch,®  Valeri,®  and 
Bolden  and  Sreebny,^  although  detailed  serial  histologic  studies  are  not  avail¬ 
able.  A  recent  publication  by  Bhaskar,  Bolden,  and  Weinmann®  presented  a 
histologic  study  of  the  effects  of  submaxillary  and  sublingual  duct  ligation  in 
mice. 

This  present  study  was  carried  out  to  establish  a  reliable  ligation  procedure 
of  both  submaxillary  and  sublingual  salivary  gland  excretory  ducts  and  arteries 
and  to  provide  a  concise  description  of  the  histologic  changes  occurring  in  the 
glands  at  various  intervals  up  to  20  weeks  following  the  surgical  procedure. 

EXPERIMENTAL  METHODS 

Various  ligation  procedures  on  the  main  submaxillary  and  sublingual 
salivary  gland  ducts  and  blood  vessels  were  tested  in  pilot  studies  and  the 
following  operative  technics  elected  as  the  most  efficient  in  our  hands. 

Weanling  male  albino  rats  of  the  Sprague-Dawley  strain  were  used  through¬ 
out  the  study.  Under  Nembutal  anesthesia,  the  ventral  neck  hair  was  clipped, 
a  midline  incision  made  and  the  underlying  salivary  glands  dissected  free  from 
the  overlying  fascia.  The  right  and  left  submaxillary  and  sublingual  salivary 
glands  were  identified  and  the  opposite  glands  separated  along  the  midline  by 

This  investigation  was  supported  by  a  research  grant  C-2622  (C)  from  the  National 
Cancer  Institute  of  the  National  Institutes  of  Health,  U.  S.  Public  Health  Service. 
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blunt  dissection  of  the  intervening  fascia.  The  right  submaxillary  and  sub¬ 
lingual  glands  were  gently  everted  ventrally  and  laterally  and  their  ducts, 
resembling  tiny  white  threadlike  structures,  identified  as  they  entered  the  dorso- 
superior  poles  of  the  glands  which  are  contained  within  a  common  fascial  sheath. 
It  is  to  be  noted  that  considerable  variation  was  encountered  both  in  position 
and  in  the  division  of  the  sublingual  duct  from  the  common  sheath. 

The  arterial  blood  supply  to  the  submaxillary  and  major  sublingual  glands 
was  then  identified  where  it  joins  the  ductal  fascia  ventral  to  the  anterior  por¬ 
tion  of  the  posterior  belly  of  the  digastric  muscle  and  passes  posteriorly  in  a 
common  fascial  envelope  to  the  dorsosuperior  pole  of  the  submaxillary  and  major 
sublingual  glands.  At  this  point,  the  artery  divides  into  submaxillary  and  sub¬ 
lingual  branches  and  promptly  enters  the  respective  glands.  The  venous  drain¬ 
age  of  the  submaxillary  gland  receives  a  tributary  from  the  sublingual  gland 
as  w^ell  as  a  tiny  vein  w’hich  follows  the  fascia  containing  the  ducts  and  artery. 
The  vein  passes  deep  to  the  gland  and  then  laterally  where  it  joins  the  anterior 
facial  vein.  Since  these  tiny  structures  could  not  readily  be  identified  immedi¬ 
ately  adjacent  to  the  glands  except  after  extensive  dissection,  ligation  was 
carried  out  at  a  point  approximately  halfway  between  the  gland  and  the  anterior 
end  of  the  posterior  belly  of  the  digastric  muscle.  The  artery  and  ducts  were 
separated  by  blunt  dissection  and  a  No.  4-0  black  silk  suture  passed  around  the 
duct  and  tied  in  one  group  of  animals  while  in  another  group,  only  the  artery 
was  ligated.  Particular  care  was  taken  at  this  point  to  avoid  ligation  of  the 
intimately  associated  duct.  In  the  third  group  of  animals,  the  suture  was 
placed  around  both  the  artery  and  duct  without  separation  and  tied.  The  glands 
were  repositioned  and  the  skin  incision  closed  wdth  interrupted  No.  4-0  black 
silk  sutures.  The  animals  were  placed  2  in  a  cage  and  fed  a  commercial  labora¬ 
tory  stock  diet  and  water  ad  libitum.  No  special  postoperative  care  was  given. 

Animals  were  sacrificed  at  1,  3,  5,  7  and  10  days  (9  days  in  one  case)  and 
2,  4,  8,  12,  16  and  20  weeks  following  the  ligation  procedures.  The  salivary 
glands  were  removed  en  masse  and  fixed  in  Zenker-formol  (Helley’s)  solution. 
The  tissues  were  processed,  sectioned,  and  stained  in  the  usual  manner  with 
Harris’  hematoxylin  and  eosin  and  with  special  stains  as  indicated.  Controls 
consisted  of  the  paired  left  unligated  submaxillary  and  sublingual  salivary 
glands  (Fig.  1). 

RESULTS 

The  submaxillary  and  sublingual  salivary  gland  ducts  of  a  total  of  32 
weanling  male  albino  rats  were  successfully  duct-ligated  as  determined  by  his¬ 
tologic  examination.  Sixty-nine  animals  comprised  the  group  in  which  only  the 
blood  vessels  supplying  the  gland  were  ligated  and  89  animals  were  included  in 
the  group  in  which  both  the  vessels  and  ducts  were  ligated.  Evaluation  of  the 
findings  have  been  made  from  the  standpoint  of  the  effect  of  time  upon  the 
principle  structures  of  those  glands. 

Duct  Ligation. — Grossly,  both  the  submaxillary  and  sublingual  glands 
were  remarkably  reduced  in  size  as  compared  to  the  left  intact  control  glands 
but  appeared  to  be  of  the  same  general  color  and  texture  as  the  opposite  gland. 
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The  snbmaxillary  gland  presented  no  significant  histologic  changes  in  the 
acini  at  the  1-day  sacrifice  period  except  for  a  considerable  amount  of  inter- 
acinar  edema  (Fig.  2).  No  marked  alterations  were  noted  either  in  the  cyto¬ 
plasm  or  in  the  nuclei  of  the  acinar  cells.  The  changes  in  the  ducts  at  this  in¬ 
terval  consisted  chiefly  of  mild  vacuolization  of  the  columnar  epithelium  with 
disorientation  of  nuclei  resulting  in  some  loss  of  polarity.  The  presence  of  se¬ 
cretion  material  or  debris  within  the  lumina  was  not  a  major  feature.  Oc¬ 
casional  polymorphonuclear  leukocytes  and  mononuclear  cells  were  seen  infil¬ 
trating  between  the  acini  although  they  were  present  in  greater  numbers  in  the 
interlobular  connective  tissue.  Inflammation  was  not  a  prominent  reaction, 
however. 

Acinar  changes  in  the  sublingual  gland  at  the  1-day  sacrifice  interval  con¬ 
sisted  of  an  increased  granularity  in  cell  cytoplasm,  a  swelling  of  the  cells  and 
condensation  of  the  cytoplasm,  suggesting  the  appearance  of  demilunes,  near 
the  base  of  the  cells  (Fig.  2). 

Three  days  following  ligation  of  the  submaxillary  gland,  the  acini  were 
markedly  diminished  in  size  and  there  was  nearly  complete  absence  of  cyto¬ 
plasmic  granules  (Fig.  3).  The  nuclei  of  these  cells  appeared  clumped  and  many 
were  hyperchromatic.  In  some  instances,  the  acinar  nuclei  assumed  a  beadlike 
arrangement  about  a  tiny  lumen.  Inflammatory  cells  were  scattered  in  more 
profuse  numbers  throughout  the  entire  gland  and  considerable  fragmentation  of 
cells  was  noted,  probably  both  acinar  cells  and  inflammatory  cells.  There  was  a 
remarkable  increase  in  the  number  of  ductlike  structures  each  of  which  was 
comprised  of  a  layer  of  cuboidal  cells  and  showed  a  relatively  large  central 
lumen.  This  apparent  increase  in  ductlike  structures  seemed  to  have  been  due  to 
the  fact  that  the  volume  of  the  gland  was  reduced  at  the  expense  of  the  acinar 
cells  and  the  intralobular  ducts  were  brought  closer  together.  The  vacuolization 
of  these  duct  cells  noted  at  the  1-day  interval  was  no  longer  prominent  but 
mitotic  activity  of  these  lining  cells  was  quite  pronounced.  Occasional  ducts 
were  dilated  and,  in  a  few  instances,  contained  debris  and  leukocytes. 

The  cytologic  changes  in  the  sublingual  gland  were  fully  manifested  by 
the  3-day  period  when  numerous  large  and  small  vacuoles,  which  did  not  stain 
with  mucicarmine,  could  be  noted  within  the  acinar  cells  (Fig.  3).  These  per¬ 
sisted  through  the  5-day  period ;  in  fact,  very  little  mucus  could  be  demonstrated 
in  the  cells  at  this  time.  Moderate  dilatation  of  the  central  lumen  was  also  promi¬ 
nent  and  the  nuclei  of  the  cells  appeared  pyknotic  and  crenated.  The  ductal 
elements  in  the  ligated  sublingual  gland  demonstrated  dilatation  beginning  at 
3  days  and,  for  the  most  part,  presented  a  more  striking  feature  throughout  the 
remainder  of  the  experimental  period  than  did  the  submaxillary  ducts.  The 
ducts,  likewise,  appeared  to  be  more  consistently  filled  with  stagnant  salivary 
secretion  than  did  the  submaxillary  gland,  especially  throughout  the  3-,  5-,  and 
7-day  periods. 

Five  days  following  ligation,  the  remnants  of  the  submaxillary  acini  were 
represented  only  by  tiny  collections  of  cells  with  the  nuclei  arranged  in  a  some¬ 
what  polarized  fashion.  The  cytoplasm  of  these  cells  was  eosinophilic  and 
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exhibited  no  granules  of  any  nature.  The  epithelium  making  up  the  walls  of 
the  ductlike  structuras  appeared  to  be  undergoing  squamous  metaplasia  and 
h\T)erplasia  so  that  many  of  these  structures  were  several  cells  thick.  There 
was  rather  marked  proliferation  of  connective  tissue  cells  in  both  the  inter-  and 
intralobular  areas.  In  occasional  animals  at  this  sacrifice  period,  the  inter¬ 
lobular  ducts  presented  marked  dilatation  with  ragged  luminal  borders  of 
the  lining  cells.  In  some  instances  these  cells  appeared  to  be  depositing  granules 
into  the  duct  lumen. 

The  7-day  sacrifice  period  animals  did  not  differ  remarkably  from  those  at 
the  5-day  interval  except  that  the  increase  in  number  of  ductlike  structures 
in  the  submaxillary  gland  had  become  even  more  prominent  at  the  expense  of 
the  remaining  discernible  acinar  structures  (Fig.  4).  The  activity  of  the 
ductlike  structures  had  continued  to  the  point  that  structures  were  present 
resembling  solid  islands  of  epithelial  cells,  many  of  which  exhibited  mitotic 
activity.  The  larger  intralobular  ducts  showed  a  squamous  flattening  of  the 
lining  cells  and  the  lumina  occasionally  were  plugged  with  debris  and  polys. 

Beginning  at  the  7-day  interval  and  becoming  especially  consistent  at  9 
days  and  thereafter,  the  sublingual  gland  acini  began  to  lose  the  major  portion 
of  the  vacuoles  previously  observed  and  instead  began  to  assume  the  appearance 
of  the  compressed  acini  previously  described  in  the  submaxillary  gland  (Fig.  4). 
This  similarity  was,  in  fact,  so  great  that  considerable  difficulty  was  experienced 
in  identifying  the  ligated  sublingual  gland  throughout  the  later  sacrifice  periods. 
Identification  subsequently  came  to  depend  upon  the  finding  of  isolated  small 
mucous  cells  within  the  ligated  gland. 

Animals  sacrificed  9  days  after  duct  ligation  exhibited  continued  reorgani¬ 
zation  of  the  acinar  cells  into  structures  which  again  bore  some  resemblance  to 
normal  acini.  However,  the  structures  were  of  much  smaller  diameter  than 
normal  acini  while  the  nuclei  assumed  a  basal  position  and,  in  some  instances, 
the  cytoplasm  of  the  cells  appeared  somewhat  granular.  The  ratio  of  ductlike 
structures  to  acini  was  greatly  increased  and,  by  this  period,  the  ductal  hyper¬ 
plasia  had  begun  to  regress,  resulting  in  structures  resembling  preoperative 
ducts. 

Animals  sacrificed  2  weeks  after  ligation  exhibited  no  remarkable  changes 
from  the  9-day  animals.  At  the  4-  and  8-week  periods,  there  were  no  progressive 
cytologic  changes  to  distinguish  these  glands  from  those  of  the  2-week  animals 
although  there  was  a  continued  diminution  in  gross  size  of  the  glands.  Inflam¬ 
matory  cell  infiltration  was  still  prominent  and  the  amount  of  interlobular 
connective  tissue  was  considerably  increased.  Twelve,  16  and  20  weeks  following 
ligation,  the  submaxillary  glands  still  exhibited  no  significant  alterations  beyond 
those  noted  at  the  9-day  period  and  did  not  differ  from  animals  at  the  2-,  4-,  and 
8-week  period.  Thus,  it  appeared  that  the  changes  induced  by  duct  ligation 
occurred  very  rapidly,  within  a  matter  of  days,  and  these  alterations  once  es¬ 
tablished,  remained  unaltered  for  at  least  the  20-week  duration  of  this  study. 

Toward  the  later  sacrifice  periods,  recognizable  mucous  cells  did  appear  in 
greater  numbers  in  the  sublingual  gland  but  seldom  did  these  become  organized 
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into  distinct  acini.  Once  these  particular  changes  occurred,  no  further  altera¬ 
tions  in  the  sublingual  gland  were  found  throughout  the  remainder  of  the  ex¬ 
perimental  period. 

Arterial  Ligation. — The  immediate  gross  effects  of  arterial  ligation  upon 
the  submaxillary  and  major  sublingual  salivary  glands  appeared  as  a  hyperemia 
noted  within  a  few  moments  after  closure  of  the  ligature.  This  suffusion  of 
blood  was  still  in  evidence  to  some  degree  after  24  hours  and  in  occasional 
animals,  the  resemblance  to  a  hematoma  was  remarkable.  By  the  5-day  interval 
these  findings  were  not  prominent  and  instead  the  artery-ligated  glands  ap¬ 
peared  pale  and  atrophic.  This  appearance  persisted  until  the  2-week  sacrifice 
interval  when  a  gradual  return  to  a  normal  color  was  noted,  although  the  artery- 
ligated  gland  was  still  much  smaller  than  its  paired  control.  Subsequent 
sacrifice  periods  presented  similar  gross  findings  with  eventual  complete  return 
to  normal  color.  By  20  weeks,  the  ligated  side  could  not  be  differentiated 
grossly  from  the  control  side  except  by  the  difference  in  size. 

The  principal  histologic  effects  of  submaxillary  and  major  sublingual 
salivary  gland  artery  ligation  were  manifested  primarily  as  a  typical  infarct, 
second  as  squamous  metaplasia  of  portions  of  the  duct  system,  and  third  as 
repair  of  the  infarct  with  partial,  and  sometimes  atypical,  regeneration  of  the 
salivary  gland  parenchyma. 

Beginning  at  the  1-day  sacrifice  period,  the  gland  was  characteristically  suf¬ 
fused  with  hemorrhagic  and  serous  exudate  throughout  the  supporting  connective 
tissue.  Dilatation  of  many  of  the  vessels,  probably  collateral  capsular  and  septal, 
was  noted  on  the  ligated  side  and  to  some  extent  on  the  control  side  as  well, 
presumably  as  a  compensatory  reaction.  Inflammatory  cell  infiltration  was 
moderately  severe  and  consisted  chiefly  of  polymorphonuclear  leukocytes.  The 
submaxillary  gland  at  the  1-day  sacrifice  period  presented  degenerative  changes 
in  the  acinar  elements  throughout  the  central  portion  of  the  ligated  gland  (Fig. 
5).  These  acini  appeared  pale  when  compared  with  the  opposite  control  gland 
and  seemed  to  have  lost  cohesiveness  and  were  not  clearly  defined.  Many  of  the 
nuclei  were  undergoing  karyorrhexis.  Within  this  central  area  of  the  sub¬ 
maxillary  gland,  many  normally  appearing  ducts  stood  out  in  sharp  contrast 
to  the  adjacent  degenerated  acini.  About  the  periphery  of  the  submaxillary 
gland,  a  narrow  rim  of  normal  acini  and  occasional  associated  ducts  were  noted, 
probably  supplied  by  collateral  vessels.  The  sublingual  gland  acini  at  the 
1-day  sacrifice  period  likewise  demonstrated  severe  degenerative  changes.  In 
contrast,  however,  the  sublingual  gland  seemed  to  have  a  higher  proportion  of 
viable  acini  both  in  the  central  areas  adjacent  to  normal  ducts  as  well  as  along 
the  periphery  of  the  lobules  than  did  the  submaxillary  gland  which  had  only 
an  occasional  normal  acinus  immediately  adjacent  to  the  normal  ducts  (Fig.  6). 
In  the  sublingual  gland,  karyorrhexis  of  the  acinar  nuclei  was  not  a  prominent 
feature  and  the  acini  maintained  their  principal  outlines  in  a  manner  repre¬ 
sentative  of  a  typical  coagulation  necrosis.  Where  viable  nuclei  could  be  demon¬ 
strated,  the  adjacent  basal  cytoplasm  stained  a  pale  pink  in  contrast  to  the 
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darker  staining  basal  cytoplasm  of  the  normal  mucous  acini.  The  interlobular 
ducts  of  both  the  submaxillary  and  the  sublingual  glands  appeared  normal  at 
this  juncture. 

At  the  3-day  sacrifice  period,  the  vascular  congestion  appeared  unrelieved; 
instead,  there  was  actually  an  increase  in  the  number  of  dilated  capillaries 
packed  with  red  blood  cells  in  areas  of  viable  ducts  and  acini  in  both  the  ligated 
submaxillary  and  sublingual  glands.  As  pointed  out  previously,  these  probably 
represent  collateral  vessels  from  the  capsule  which  also  enter  the  connective 
tissue  septae.  The  rim  of  viable  acini  about  the  ligated  submaxillary  gland 
usually  contained  numerous  dilated  capillaries  whereas  the  central  nonviable 
portions  of  the  gland  resembled  the  typical  hemorrhagic  infarct  with  numerous 
extravasated  red  blood  cells.  The  sublingual  gland  was  affected  similarly  but 
to  a  lesser  degree.  In  some  sections  at  this  interv^al  the  sublingual  gland  showed 
a  slight  increase  in  the  number  of  normal  mucous  acini  when  compared  to  the 
over-all  dimensions  which  had  decreased  appreciably  in  size.  The  most  remark¬ 
able  finding  noted  at  this  sacrifice  interval  was  evidence  of  metaplasia  of  the 
submaxillary  ductal  epithelium  seen  in  1  animal  of  this  group.  This  was  mani¬ 
fested  as  a  squamous  layering  of  the  ductal  epithelium,  3-  to  5-cell  layers  thick. 
Keratin  formation  was  not  observed  and  the  lumens  of  the  ducts  appeared 
patent. 

By  the  5-day  sacrifice  period,  the  vascular  congestion  previously  noted 
generally  had  subsided  and  some  connective  tissue  repair,  seen  principally  in 
the  ligated  submaxillary  glands,  ^vas  evident.  Squamous  metaplasia  of  the 
submaxillary  epithelium  with  keratin  pearl  formation  was  a  consistent  finding 
at  this  interval  (Fig.  7).  This  metaplasia  and  hyperplasia  was  again  noted  to 
arise  from  ductal  epithelium.  While  the  over-all  size  of  the  artery-ligated  sub- 
maxillary  gland  was  reduced,  the  diameter  of  the  metaplastic  duct  approximated 
that  of  the  parent  duct  and  in  no  case  demonstrated  activity  that  could  be 
termed  neoplastic.  Metaplastic  activity  in  the  sublingual  gland,  while  apparent 
in  a  few  instances,  was  difficult  to  assess.  In  those  animals  where  sublingual 
duct  metaplasia  could  be  clearly  demonstrated,  it  was  invariably  present  to  a 
lesser  degree  than  that  observed  in  the  submaxillary  gland  and  rarely  was 
keratin  produced.  In  certain  of  the  sublingual  glands  atypical  regeneration  of 
cellular  elements  replacing  much  of  the  previously  degenerated  sublingual 
parenchyma  was  noted  (Fig.  9).  These  cells  presented  a  disorganized  arrange¬ 
ment  of  moderately  dark  staining  nuclei  in  a  deeply  eosinophilic  cytoplasm. 
Cell  boundaries  were  not  clearly  defined.  These  cells  resembled  appositional 
cells  (myoepithelial  cells?)  about  the  mucous  acini.  While  an  occasional  mucous 
acinus  was  noted  within  a  clump  of  these  cells,  they  were  not  mucus-producing 
themselves  as  shown  by  mucicarmine  stains.  However,  it  was  felt  that  a  transi¬ 
tion  from  these  cells  to  typical  mucus-producing  cells  could  be  demonstrated. 

At  the  7-day  sacrifice  interval,  metaplastic  activity  with  keratin  pearl 
formation  appeared  undiminished  in  the  submaxillary  gland.  The  sublingual 
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Fig.  5. — One-day  arter>'  ligate.  Submaxillary  infarct  with  scattered  viable  ducts  cen¬ 
trally  and  normal  acini  at  the  periphery  of  the  lobule.  (Hematoxylin  and  eosin. ) 

Fig.  6. — One-day  artery  ligate.  Sublingual  Infarct  with  viable  ducts  and  acini  in  the 
central  areas  of  the  lobule.  (Hematoxylin  and  eosin.) 

Fig.  7. — Five-day  artery  ligate.  Submaxillary  metaplasia.  (Hematoxylin  and  eosin.) 

Fig.  8. — 3-Methylcholanthrene-“Carbowax”  Implanted  rat  submaxlllary  salivary  gland 
showing  ductal  metaplasia  after  1  week.  (Hematoxylin  and  eosin.) 
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gland  also  presented  the  cellular  proliferation  noted  at  5  days.  In  addition, 
numerous  multinucleated  giant  cells  with  phagocytized  cellular  debris  were 
identified  within  this  gland. 

By  the  10-day  period,  both  the  incidence  and  degree  of  metaplasia  and 
hyperplasia  previously  noted  in  the  submaxillary  gland  appeared  to  have  sub¬ 
sided.  The  dark  staining  cells  noted  in  the  sublingual  gland  at  this  interval 
showed  a  markedly  greater  amount  of  organization  to  form  ductlike  structures. 
These  structures  were  readily  differentiated  from  the  normal  sublingual  ducts 
by  virtue  of  their  darkly  eosinophilic  cytoplasm. 

At  the  2-week  sacrifice  interval,  squamous  layering  in  the  submaxillary 
gland  was  further  diminished  an^  appeared  confined  to  the  central  portion  of 
the  gland.  Again  the  diameter  of  the  sectioned  submaxillary  gland  remained 
reduced  with  viable  acini  and  ducts  about  the  periphery,  and  the  central  areas 
composed  entirely  of  dilated  ducts  and  connective  tissue.  The  sublingual  gland 
at  this  juncture  presented  little  change  over  that  noted  at  the  10-day  sacrifice 
interval.  The  eosinophilic  cells  in  nearly  every  instance  were  better  oriented  .to 
form  occasional  ductlike  structures  when  compared  with  the  5-day  sections. 

Through  the  4-  and  8-week  intervals  the  repair  response  following  arterial 
ligation  of  the  submaxillary  and  sublingual  glands  appeared  to  have  reached  a 
plateau.  The  artery-ligated  submaxillary  gland  by  this  interval  became  in¬ 
creasingly  more  difficult  to  differentiate  from  the  control  and  in  most  instances 
was  identified  only  by  the  predominance  of  dilated  ducts  surrounded  by  a  small 
island  of  connective  tissue  in  the  central  areas  of  the  gland  or  by  the  smaller 
diameter  of  the  gland  (Pig.  10).  Except  for  mild  squamous  layering  in  a  duct 
wall  of  one  8-week  animal,  metaplasia  was  not  observed  after  the  2-week  sacri¬ 
fice  interval.  The  eosinophilic  cells  previously  noted  in  the  sublingual  gland 
persisted  unchanged  as  islands  throughout  the  artery-ligated  sublingual  gland 
for  the  remainder  of  the  experimental  period.  These  cells  maintained  their 
acinar-like  orientation  rather  than  the  ductlike  configuration  noted  in  a  few 
animals  at  10  days. 

Through  the  remaining  sacrifice  intervals  of  12,  16  and  20  weeks,  further 
repair  was  not  remarkable  other  than  an  apparent  slight  decrease  in  the  number 
of  eosinophilic  reparative  cells  in  the  sublingual  gland. 

A  submaxillary  retention  cyst  was  noted  in  1  animal  at  20  weeks  but  it 
could  not  be  established  whether  the  duct  had  accidentally  been  ligated  as  well 
as  the  artery. 

Arterial-Duct  Ligation. — The  gross  findings  in  this  group  did  not  differ 
greatly  from  the  artery-ligated  group  through  the  5-day  sacrifice  interval,  al¬ 
though  the  glands  in  the  arterial-duct  ligated  group  did  appear  somewhat 
nodular  and  harder  than  those  of  the  artery-ligates  after  this  period.  The 
lobules  of  the  submaxillary  gland  in  particular  were  clearly  defiined  without 
dissection. 

As  noted  in  the  artery-ligated  animals,  the  artery-duct  ligated  group  demon¬ 
strated  prompt  infarction  of  the  submaxillary  and  sublingual  glands  with  sub¬ 
sequent  metaplasia  and  vigorous  hyperplasia  of  the  duct  system,  principally  in 
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Flgr.  9. — Four-week  artery  ligate.  Sublingual  gland  showing  regeneration  of  mucous 
acini  and  atypical  islands  of  eosinophilic  cells.  (Hematoxylin  and  eosin. ) 

Fig.  10. — Four- week  artery  ligate.  Ductal  dilatation  and  connective  tissue  hyperplasia 
in  the  central  portion  of  a  submaxillary  lobule.  (Hematoxylin  and  eosin.) 

Fig.  11. — One-day  artery-duct  ligate.  Nearly  complete  Infarct  of  sublingual  (left)  and 
submaxillary  glands.  (Hematoxylin  and  eosin.) 

Fig.  12. — Five-day  artery-duct  ligate.  Submaxillary  infarct  showing  compressed  acini, 
which  resemble  duct  ligate  acini,  about  the  lobule  periphery.  (Hematoxylin  and  eosin.) 
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the  submaxillary  gland.  However,  repair  in  the  artery-duct  ligated  gland  was 
not  remarkable.  Since  subtle  differences  between  the  2  groups  were  observed  in 
the  infarct  and  the  metaplasia  phases  as  well,  these  changes  will  also  be  related 
to  time  and  compared  with  the  previous  groups. 


Pig.  13. — Seven-day  artery-duct  ligate.  Submaxillary  epithelial  pearls.  (Hematoxylin 
and  eosin.) 

Pig.  14. — Ten-day  artery-duct  ligate.  Cystic  dilatation  of  ducts,  connective  tissue  re¬ 
placement  of  infarcted  areas  and  residual  foci  of  acini  and  ducts  showing  duct  ligation  fea¬ 
tures.  (Hematoxylin  and  eosin.) 


The  infarction  phase  observed  in  artery-duct  ligated  animals  was  quite 
similar  to  that  noted  in  the  artery-ligated  group  at  the  1-  through  the  3-day 
sacrifice  interval.  While  these  sections,  unidentified  as  to  group  to  the  examiner, 
could  not  always  be  differentiated,  such  identification  came  to  depend  upon 
finding  a  somewhat  greater  degree  of  serous  and  hemorrhagic  exudate  through¬ 
out  the  supporting  connective  tissue  as  well  as  more  nearly  complete  infarcation 
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of  the  2  glands  in  the  artery-duct  ligated  group.  Both  the  submaxillary  and 
sublingual  glands  of  this  group  showed  fewer  viable  ducts  or  acini  in  the  central 
areas  of  the  infarcted  gland  and  there  likewise  appeared  to  be  fewer  viable 
acini  about  the  periphery  of  the  glands  (Fig.  11).  Submaxillary  metaplasia, 
first  noted  in  1  animal  from  the  previous  group  at  3  days,  was  not  observed  in 
this  group  until  the  5-day  sacrifice  interval.  At  5  days,  no  differences  in  the 
metaplastic  process  in  the  2  groups  could  be  established,  while  at  7  days  there 
appeared  to  be  a  somewhat  higher  incidence  of  keratin  pearl  formation  in  the 
artery-duct  ligated  group  (Fig.  13).  This  group  also  demonstrated  a  slightly 
higher  incidence  of  sublingual  duct  metaplasia  with  occasional  keratin  pearl 
formation  in  this  gland.  About  the  periphery  of  the  artery-duct  ligated  sub¬ 
maxillary  glands,  the  viable  parenchymal  elements  resembled  those  features 
previously  described  in  duct-ligated  glands  (Fig.  12).  The  eosinophilic  repara¬ 
tive  cells  noted  in  the  artery-ligated  sublingual  glands  were  not  observed  here. 

By  the  10  day  period,  the  incidence  and  degree  of  metaplasia  and  hyper¬ 
plasia  had  subsided  somewhat  and  by  the  2-week  interval  was  encountered  only 
on  occasion  in  certain  of  the  larger  dilated  ducts.  The  cells  about  the  periphery 
of  the  artery-duct  ligated  glands  continued  to  resemble  duct-ligated  gland 
changes  throughout  the  remaining  sacrifice  periods.  Similarily,  it  became  in¬ 
creasingly  more  difficult  to  differentiate  the  submaxillary  and  sublingual  glands 
histologically.  The  central  areas  of  the  artery-duct  ligated  glands,  however, 
were  composed  chiefiy  of  thin-walled  dilated  ducts  surrounded  by  connective 
tissue  (Fig.  14).  These  ducts  reached  cystic  proportions  in  some  8-,  12-,  and 
16-week  animals  and  appeared  to  be  of  submaxillary  duct  origin.  The  lining 
cells  were  cuboidal  and  showed  no  tendency  toward  squamous  layering.  While 
most  of  these  ducts  were  occluded  with  cellular  debris,  some  did  contain  salivary 
secretion. 

After  the  16-week  period,  the  dilated  ducts  were  reduced  in  size.  The 
peripheral  ductlike  structures  previously  described  in  duct-ligated  glands  per¬ 
sisted  unchanged  throughout  the  remainder  of  the  experimental  period.  The 
total  volume  of  the  arterial-duct  ligated  glands  appeared  markedly  reduced  by 
20  weeks,  however,  and  were  identified  by  occasional  dilated  ducts  within  a 
connective  tissue  stroma  with  associated  small  foci  of  the  ductlike  structures. 

An  incidental  finding,  noted  in  one  8-week  and  one  12-week  animal,  were 
cells  resembling  proliferating  oncocytes  with  focal  infiltration  of  lymphocytes. 

DISCUSSION 

The  basic  effects  of  the  acute  duct  ligation  studied  serially  in  this  experi¬ 
ment  are  atrophy  of  the  acinar  cells  with  reversion  to  a  resting  or  inactive  state 
and  consequent  loss  of  specialized  function. 

The  acute  ligation  of  the  main  secretory  ducts  of  the  submaxiUary  and  sub¬ 
lingual  glands  does  not  induce  a  condition  similar  to  the  retention  cyst  or  ranula 
occurring  in  human  beings  due  to  obstruction  of  these  ducts.  Some  investigators 
believe  that  the  mechanism  for  production  of  the  retention  cyst  consists  of  a 
chronic  partial  obstruction  producing  a  constant  slightly  elevated  back  pressure 
in  the  organ  rather  than  a  sudden  blockage  of  fiow.  Bhaskar,  Bolden,  and 
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Weinmann,®  on  the  other  hand,  experimentally  produced  lesions  resembling 
mucoceles  by  severing  the  salivary  ducts  and  allowing  the  saliva  to  collect  in 
the  adjacent  connective  tissues. 

Junqueira®  has  reported  that  the  submaxillary  glands  of  mice  in  which  the 
submaxillary  duct  had  been  ligated  evidenced  no  degenerative  process  and  that 
the  acinar  cells  retained  their  property  to  secrete  when  stimulated  by  testos¬ 
terone;  The  studies  of  Valeri®  are  in  agreement  with  those  of  Junqueira  since 
lie  reported  that  the  size  of  the  nuclei  of  mouse  submaxillary  gland  acinar  cells 
which  diminish  in  size  following  duct  ligation  are  restored  to  normal  size  by 
the  administration  of  testosterone.  He  interpreted  this  reduction  in  nuclear 
volume  as  being  a  result  of  decreased  secretory  activity  and  not  one  of  degenera¬ 
tion  since  the  nuclei  maintained  their  ability  to  respond  to  stimulation.  How¬ 
ever,  Bhaskar,  Bolden,  and  Weinmann®  reported  some  signs  of  cellular  degenera¬ 
tion  in  their  ligation  study. 

The  reversibility  of  the  histologic  phenomena  which  occur  following  sub¬ 
maxillary  duct  ligation  have  been  reported  by  Junqueira  and  Rabinovitch.® 
Their  studies  indicated  that  the  salivary  gland  changes  induced  by  duct  ligation 
are  reversible  phenomena  even  after  prolonged  periods  and  that  the  changes 
brought  about  by  duct  ligation  remained  without  any  great  change  after  the 
first  week  for  periods  up  to  1  year. 

Bolden  and  Sreebny^  have  reported  the  very  early  effects  of  submaxillary 
duct  ligation  and  reiterated  the  progressive  reduction  in  the  size  of  gland  lobules, 
the  shrinkage  of  the  acini  and  the  ductal  dilatation.  They  also  found  a  marked 
reduction  in  the  proteolytic  activity  of  submaxillary  gland  tissue  extracts.  This 
study  appears  to  be  in  essential  agreement  with  that  of  Bhaskar,  Bolden,  and 
Weinmann.® 

Infarction  in  the  submaxillary  and  sublingual  glands  following  artery- 
ligation  conforms  to  the  expected  pattern.  Persistence  of  the  duets  centrally 
within  the  infarct  further  establishes  the  potentiality  of  the  duct  system  since 
these  structures  survived  in  an  adverse  physiologic  environment.  Their  rever¬ 
sion  to  less  specialized  stratified  squamous  epithelium  and  eventual  return  to 
normal  ductal  epithelium  corresponds  to  the  establishment  of  collateral  nourish¬ 
ment  by  diffusion.  The  propensity  of  the  duct  system  for  squamous  metaplasia 
in  artery-ligated  glands  is  suggestive  of  a  similar,  albeit  progressive,  tendency 
noted  in  carcinogen-implanted  salivary  glands  (see  Fig.  8). 

The  artery-duct  ligate  group  logically  presented  histologic  features  as¬ 
sociated  with  both  duct-ligate  and  artery-ligate  animals.  However,  the  failure 
of  artery-duet  ligated  salivary  glands  to  exhibit  the  effective  repair  noted  in 
the  artery-ligate  glands  reiterates  the  established  finding  that  duct-ligated  glands 
do  not  possess  this  potential  so  long  as  the  suture  remains  in  place.  Further, 
the  pereistence  of  duets  centrally  in  both  artery  and  artery-duct  ligated  glands 
suggests  that  these  cells  and  structures  survive  even  under  adverse  physiologic 
conditions  and  might  presumably  proliferate  in  the  face  of  noxious  stimuli  (such 
as  carcinogenic  agents)  rather  than  degenerate  as  does  the  acinar  epithelium. 
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SUMMARY  AND  CONCLUSIONS 

The  serial  histologic  effects  of  submaxillary  and  sublingual  duct  and  artery 
ligation  have  been  studied  in  the  albino  rat  and  described. 

Duct  ligation  alone  results  in  progressive  atrophy  of  the  acinar  cells  and 
their  reversion  to  a  resting  or  inactive  state.  Acute  ligation  does  not  result  in 
the  formation  of  a  retention  cyst. 

Artery  ligation  resulted  in  the  formation  of  a  typical  infarct,  in  squamous 
metaplasia  of  portions  of  the  duct  system,  and  in  repair  of  the  infarct  by  re¬ 
generation  of  acinar  tissue. 

Combined  duct  and  artery  ligation  produced  features  associated  with  each 
group  individually;  infarction  was  more  complete  and  there  was  failure  of 
acinar  regeneration. 
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THE  RELATION  OF  THYROID  GLAND  ACTIVITY  TO  THE 
INCIDENCE  OF  DENTAL  CARIES  IN  THE  RAT 

II.  A  Comparison  of  Caries  Incidence  Under  Paired-Feeding  Technics 
DAVID  BIXLER,  Ph.D.,  AND  JOSEPH  C.  MUHLER,  D.D.S.,  Ph.D. 

Indiana  University,  Bloomington,  Ind. 

The  amount  of  cariogenic  diet  eaten  by  a  rat  has  been  shown  to  be  re¬ 
lated  to  the  incidence  of  dental  caries.^  In  our  studies  concerning  the  role 
of  the  thyroid  gland  and  dental  caries  in  the  rat,  the  problem  of  food  inges¬ 
tion  was  of  interest,  since  there  may  be  major  differences  in  the  amount  of 
cariogenic  diet  consumed  by  rats  receiving  desiccated  thyroid  as  compared 
to  controls,  thus  resulting  in  an  altered  caries  experience  not  due  primarily 
to  the  administration  of  thyroid  supplements.  In  order  to  evaluate  this  im¬ 
portant  variable,  the  present  study  was  conducted  in  which  rats  not  receiving 
desiccated  thyroid  in  the  diet  were  pair-fed  to  similar  rats  receiving  the  same 
diet  with  desiccated  thyroid. 

EXPERIMENTAL 

A  total  of  100  weanling  male  Sprague-Dawley  rats  were  equally  divided 
as  to  initial  body  weight  into  4  experimental  groups.  Group  1  was  fed  desic¬ 
cated  thyroid  in  the  diet  in  increasing  concentrations  (5  to  15  mg.  per  cent), 
depending  upon  the  growth  of  the  animals.  The  animals  in  Group  2  were  fed 
the  same  amount  of  desiccated  thyroid  in  the  diet  and  in  addition  were  in¬ 
jected  intraperitoneally  each  day  Avith  500  fig  of  fluorine  as  sodium  fluoride. 
This  group  was  included  in  order  to  re-evaluate  the  observations  that  (1) 
fluoride  injected  intraperitoneally  has  no  synergistic  anticariogenic  effect  with 
desiccated  thyroid,^  and  (2)  the  apparent  synergism  previously  observed  is 
related  to  the  topical  effect  of  the  fluoride  rather  than  a  systemic  effect  in  con¬ 
junction  with  the  desiccated  thyroid.®  Group  3  received  the  same  diet  as 
Groups  1  and  2  except  that  no  desiccated  thyroid  was  added.  The  animals  in 
this  group  were  pair-fed  to  those  in  Group  1.  Group  4  received  no  supple¬ 
ments,  was  fed  ad  libitum,  and  served  as  a  control.  ' 

All  animals  were  fed  a  coarse  corn  cariogenic  diet*  and  distilled  fluoride- 
low  (F  =  0.05  /ig/ml.)  water  for  140  days.  At  the  termination  of  the  experi¬ 
mental  period,  the  animals  were  sacriflced  with  ether  and  the  heads  were  re¬ 
moved  for  dental  caries  evaluation  as  previously  described.® 

This  investigation  was  supported  in  part  by  the  Medical  Research  and  Development 
Board.  Office  of  the  Surgeon  General,  Department  of  the  Army,  under  contract  No.  DA-49- 
007-MD-332. 
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DATA  AND  DISCUSSION 

The  data  in  Table  I  indicate  that  the  ingestion  of  the  cariogenic  diet  con¬ 
taining  desiccated  thyroid  resulted  in  a  marked  decrease  in  dental  caries  when 
compared  to  control  rats  who  ate  the  same  diet  ad  libitum  without  desiccated 
thyroid.  This  difference  is  significant  at  the  0.001  level  of  confidence  and 
corroborates  previous  data  showing  the  relationship  between  the  thyroid  gland 
and  dental  caries  experience  in  the  rat.®’  ®  There  was  also  a  significant  caries 
reduction  (p  =  0.01)  in  Group  1  (desiccated  thyroid  fed)  when  compared  to 
the  Group  3  animals  (pair-fed  without  desiccated  thyroid).  The  animals  re¬ 
ceiving  desiccated  thyroid  were  observed  to  be  extremely  active  during  the 
normally  quiet  periods  of  the  day  as  occur  in  a  nocturnal  animal  such  as  the 
rat.  This  activity  was  shown  in  the  greatly  increased  daily  food  consump¬ 
tion  pf  these  animals  (Table  I).  The  pair-fed  control  animals  (Group  3), 

Table  I 

Dental  Caries  Incidence  and  Food  Consumption  in  Animals  Receiving  Desiccated 

Thyroid  in  the  Diet 


FINAL 

MEAN  DAILY 

NO,  or  j 

BODY 

FOOD  CON- 

MEAN 

WEIGHT 

SUMPTION 

NO.  OF 

MOLARS 

animals 

(GM.) 

(GM.) 

I.ESIONS 

AFFECTED 

EXTENT 

Desiccated  thyroid 

Desiccated  thyroid  +  F 

18 

295 

19.1 

4.5 

2.7 

2.6 

(0.5  mg.  F/day) 

Control  (pair-fed)  to  desic- 

16 

289 

— 

6.4 

3.5 

2.7 

cated  thyroid  group) 

20 

365 

14.1 

8.0 

4.2 

2.7 

Control 

22 

381 

14.7 

9.2 

4.6 

2.8 

although  given  as  much  food  daily  as  the  desiccated  thyroid  animals,  ate  25 
per  cent  less  food  each  day.  Thus,  the  higher  caries  score  in  the  pair-fed  con¬ 
trols  was  associated  with  the  lower  food  intake.  Apparently  the  effect  of 
desiccated  thyroid  upon  caries  incidence  involves  considerably  more  than  the 
ingestion  of  a  cariogenic  diet,  and  other  mechanisms  besides  differences  in 
food  consumption  between  groups  must  be  found. 

There  is  a  numerical  difference  in  the  caries  scores  of  the  pair-fed  con¬ 
trol  (Group  3)  and  the  unrestricted  food  consumption  control  group  (Group 
4),  both  of  which  received  identical  diets.  While  this  difference  is  not  sig¬ 
nificant,  it  does  suggest  that  the  feeding  habits  of  the  animals  as  well  as  the 
daily  food  consumption  are  of  importance  in  animal  caries  studies.  The 
differences  in  food  consumption  between  these  latter  2  groups  was  less  than 
1  gram  a  day.  More  consideration  should  be  given  to  the  feeding  habits  and 
to  differences  in  food  consumption  between  groups  and  sexes  as  a  possible 
means  of  explaining  the  variability  between  animals  and  sexes  in  experimental 
dental  caries  studies. 

Group  2,  which  received  both  desiccated  thyroid  in  the  diet  and  daily 
fluoride  injections,  exhibited  a  significant  reduction  in  the  dental  caries  ex¬ 
perience  when  compared  to  the  ad  libitum  control  group.  This  difference  was 
significant  at  tlie  0.02  level  of  confidence.  However,  it  appears  from  these 
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data  that  there  is  no  synergistic  effect  between  fluoride  and  desiccated  thy¬ 
roid  when  the  fluoride  is  injected.  This  confirms  previous  studies^  and  sug¬ 
gests  again  that  the  synergistic  effect  originally  observed  by  adding  fluoride 
to  the  drinking  water®  was  a  result  of  the  topical  effect  of  the  fluoride  ion. 

SUMMARY 

Previous  experiments  have  shown  that  the  ingestion  of  a  cariogenic  diet 
containing  desiccated  thyroid  will  significantly  reduce  the  incidence  of  dental 
caries  in  the  rat.  In  this  experiment  the  importance  of  the  amount  of  food  con¬ 
sumed  daily  by  rats  on  such  a  regime  w'as  considered.  Under  ad  libitum  feed¬ 
ing  conditions,  desiccated  thyroid  added  to  a  cariogenic  diet  significantly  re¬ 
duced  the  dental  caries  incidence  when  compared  to  a  control  group  receiving 
the  same  diet  without  thyroid.  When  control  animals  receiving  a  nonthyroid- 
containing  cariogenic  diet  were  pair-fed  with  animals  receiving  the  same  diet 
to  which  desiccated  thyroid  had  been  added,  the  thyroid-fed  animals  again 
demonstrated  a  significant  decrease  in  caries  incidence.  These  results  indicate 
that  differences  in  food  consumption  which  may  result  between  experimental 
groups  is  not  an  important  factor  in  explaining  the  anticariogenic  action  of 
desiccated  thyroid. 

In  addition,  the  injection  of  sodium  fluoride  to  animals  receiving  desiccated 
thyroid  produced  no  synergistic  anticariogenic  effect.  This  result  suggests  that 
the  anticariogenic  synergism  observed  when  the  fluoride  is  given  in  the  drinking 
water  or  in  the  diet  is  probably  a  result  of  the  topical  effect  of  the  fluoride  ion. 
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THE  EFFECT  OF  PILOCARPINE  ON  DENTAL  CARIES  IN  THE  RAT 

JOSEPH  C.  MUHLER,  D.D.S.,  Ph.D.,  DAVID  BTXLER,  Ph.D.,  AND 
WILLIAM  G.  SHAFER,  D.D.S.,  M.S. 

Indiana  University,  Bloomington  and  Indianapolis,  Ind. 

The  activity  of  the  thyroid  gland  is  related  to  the  incidence  of  dental 
caries  in  rats.^'^  In  attempting  to  explain  the  reason  for  increased  caries 
experience  in  animals  receiving  thiouracil  or  I^^^  ^  and  a  reduction  in  caries 

in  animals  receiving  thyroxine  or  desiccated  thyroid,^’*  the  obvious  role  of  the 
salivary  glands  had  to  be  considered.  One  possibility  which  presented  itself  was 
that  thiouracil  or  I*'^*  affected  the  salivary  glands  in  such  a  manner  as  to  reduce 
the  function  of  the  salivary  glands,  while  thyroxine  or  desiccated  thyroid  in¬ 
creased  salivary  function.  Several  w’orkers  have  presented  experimental  data 
which  clearly  indicate  that  desalivated  animals  have  a  significantly  greater  inci¬ 
dence  of  dental  caries  than  animals  with  intact  salivary  glands.  Since  the  liter- 
ture  does  not  describe  the  effects  of  increased  salivary  function  on  dental  caries 
experience  in  rats,  it  was  considered  important  to  study  this  problem. 

EXPERIMENTAL 

Approximately  150  weanling  Sprague-Dawdey  strain  rats  were  divided  into 
5  groups  according  to  initial  body  weight.  Group  1  received  2  mg.  of  pilo¬ 
carpine  nitrate  daily  by  stomach  tube.  Groups  2  and  3  received  6  and  12  mg. 
of  pilocarpine  daily,  respectively,  by  stomach  tube.  Group  4  was  fed  desiccated 
thyroid  in  the  diet  in  increasing  amounts  from  10  to  20  mg.  per  day  depending 
upon  the  body  growth  of  the  animal.  The  remaining  group  of  animals  received 
no  experimental  treatments  and  served  as  the  control  group.  All  animals  were 
fed  a  caries-producing  corn  diet®  and  distilled  w’ater  for  100  days.  At  this  time 
the  animals  were  sacrificed  with  ether  and  the  heads  removed  for  dental  caries 
evaluation.® 

DATA  AND  DISCUSSION 

The  effect  of  pilocarpine  administration  on  salivary  flow  was  quite  dramatic. 
While  no  quantitative  data  w^ere  collected,  it  was  observed  that  the  pilocarpine, 
at  every  level  used,  resulted  in  an  increase  in  salivary  flow.  This  was  most  ap¬ 
parent  in  the  6  and  12  mg.  groups.  Profuse  salivation  began  approximately  30 
minutes  following  administration  of  pilocarpine  and  persisted  grossly  in  at 
least  some  animals  for  1  to  2  hours.  At  the  end  of  the  experimental  period  of 
100  days,  the  effeet  of  the  drug  seemed  to  be,  from  visual  inspection,  as  effective 
as  it  was  initially. 

This  work  was  supported  In  part  by  the  Medical  Research  and  Development  Board, 
Office  of  the  Surgreon  General,  Department  of  the  Army,  under  Contract  No.  DA-49-007-MD-332. 
Received  for  publication  Feb.  21,  1957. 
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The  dental  caries  data  obtained  in  this  study  are  found  in  Table  I.  These 
data  clearly  indicate  that  increased  salivary  flow  is  related  to  the  experience 
of  dental  caries,  but  the  relationship  is  not  a  simple  one.  The  administration 
of  2  mg.  of  pilocarpine  daily  resulted  in  a  significant  reduction  (significant  at 
0.02  level  of  confidence)  in  the  dental  caries  experience  when  compared  to  con¬ 
trols.  The  reduction  in  caries  is  manifest  not  only  by  fewer  lesions,  but  in 
fewer  molars  affected  and  a  smaller  size  of  the  cavity.  However,  when  the 
dosage  was  increased  to  6  mg.  daily,  there  was  a  numerical  tendency  for  less 
dental  caries,  but  the  reduction  was  not  significant.  When  12  mg.  of  pilocarpine 
daily  was  administered,  there  was  no  effect  on  the  dental  caries  experience. 
The  effects  of  these  latter  2  dosages  are  difficult  to  explain,  since  the  volume  of 
salivary  flow  appeared  as  great,  if  not  greater,  than  that  induced  by  the  2  mg. 
dosage.  These  data  would  seem  to  suggest  that  volume  per  se  is  not  the  most 
important  factor  to  consider  in  providing  an  explanation  for  increased  salivary 
gland  function  and  dental  caries  resistance.  The  effect  of  administering  desic¬ 
cated  thyroid  is  similar  to  that  produced  by  the  2  mg.  level  of  pilocarpine. 


Table  I 

The  Effect  of  Pilocarpine  and  Desiccated  Thyroid  Upon  Dental  Caries 


GROUP 

mean  no.  of 
lesions 

MEAN  MOLARS 
AFFECTED 

SEVERITY  OF 
LESION 

Pilocarpine — 2  mg. 

3.7 

2.6 

1.9 

Pilocarpine — 6  mg. 

4.2 

3.1 

2.0 

Pilocarpine — 12  mg. 

5.7 

4.3 

2.3 

Desiccated  thyroid  (0.1-0.2%) 

3.6 

2.6 

2.1 

Control 

5.7 

3.6 

2.3 

The  data  in  Table  II  indicate  that  pilocarpine  had  a  pronounced  toxic 
effect,  particularly  in  the  higher  dosage  groups.  The  animals  which  received 
2  mg.  of  pilocarpine  daily  showed  a  measurable  degree  of  mortality.  The  ad¬ 
ministration  of  6  or  12  mg.  of  pilocarpine  daily  resulted  in  approximately  a  50 
per  cent  mortality.  This  effect  is  also  noticeable  by  examining  the  data  on  final 
body  weights  of  the  various  groups.  As  the  dose  of  pilocarpine  was  increased, 
the  ability  to  gain  weight  was  significantly  impaired.  The  level  of  desiccated 
thyroid  administered  in  this  study  did  not  significantly  affect  body  weight  and 
mortality. 

Table  II 

The  Effect  of  Pilocarpine  and  Desiccated  Thyriod  Upon  Body  Weight  and  Mortality 


NO.  RATS  AT 

MEAN  FINAL 

MORTALITY 

BEGINNING  OF 

BODY  WEIGHT 

AFTER  100 

SEX 

STUDY 

(GM.) 

DAYS  (%) 

Control 

Pilocarpine — 2  mg. 

Pilocarpine — 6  mg. 

Pilocarpine — 12  mg. 

Desiccated  thyroid  (0.1-0.2%) 


M 

15 

279 

0 

F 

15 

198 

3 

M 

15 

269 

20 

F 

15 

192 

34 

M 

15 

251 

47 

F 

15 

176 

47 

M 

15 

215 

40 

F 

15 

169 

47 

M 

15 

265 

3 

F 

15 

189 

0 
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These  data  suggest  that  the  effect  of  feeding  the  desiccated  thyroid  is  to 
increase  salivary  function  in  a  manner  similar  to  that  resulting  from  the  ad¬ 
ministration  of  2  mg.  of  pilocarpine  daily.  However,  this  hypothesis  is  tenuous 
until  additional  pointed  studies  are  directed  at  an  estimation  of  salivary  func¬ 
tion  (flow,  viscosity,  enzyme  activity)  following  pilocarpine  and  desiccated 
thyroid  administration. 


SUMMARY 

The  effect  of  increased  salivary  flow,  as  produced  by  the  administration  of 
pilocarpine,  on  the  incidence  of  dental  caries  in  the  rat  was  studied.  It  was 
found  that  2  mg.  of  pilocarpine  given  daily  significantly  reduced  the  dental 
caries  incidence,  while  6  and  12  mg.  daily  did  not  reduce  caries  significantly. 
Apparently  the  salivary  flow-dental  caries  relationship  is  not  a  simple  one. 
Desiccated  thyroid  was  found  to  be  a  potent  anticariogenic  agent,  as  has  been 
reported  in  previous  studies. 
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A  COMPARISON  BETWEEN  SALIVARY  GLAND  EXTIRPATION 
AND  DITT  LIGATION  ON  DENTAL  CARIES  IN  RATS 
JOSEPH  C.  MUHLER  AND  WILLIAM  G.  SHAFER 
Indiana  University,  Bloomington  and  Indianapolis,  Ind. 

IN  the  course  of  investigations  concerning  the  relationship  of  the  salivary 
glands  to  the  endocrine  organs, *  the  major  salivary  gland  duets  were 
ligated  to  determine  whether  this  relatively  simple  procedure  could  be  used 
in  place  of  the  more  tedious  surgical  salivary  gland  extirpation  procedure. 
At  autopsy  the  teeth  were  inspected  and  it  was  observed  that  the  animals 
exhibited  not  only  rampant  caries,  but  an  unusually  high  caries  incidence  in 
the  maxillary  arch.  This  had  never  been  experimentally  aecomplished  prior 
to  this  study,  workers  having  repeatedly  commented  upon  the  unusual  caries 
resistance  of  the  maxillary  arch  of  the  rat.®  In  our  previous  studies,  desaliva¬ 
tion  had  failed  to  produce  a  high  incidence  of  maxillary  caries.^-  ®  Since  the 
reason  for  this  increase  in  caries  in  ligated  salivary  gland  animals  was  un- 
know’n,  it  was  considered  of  importance  to  study  this  problem. 

EXPERIMENTAL 

The  study  was  divided  into  2  series,  each  of  which  was  composed  of  the 
same  experimental  groups  and  designed  and  carried  out  in  the  same  manner. 
The  findings  v/ere  so  unexpected  in  Series  I  that  Series  II  was  repeated  simply 
for  confirmation.  Each  series  consisted  of  3  groups  of  male  weanling  Sprague- 
Dawley  strain  rats.  In  Group  1,  the  ducts  of  the  parotid,  submaxillary,  and 
sublingual  glands  were  ligated  as  follows:  through  a  midline  incision,  the 
paired  submaxillary  and  .sublingual  glands  were  separated  along  the  midline 
and  reflected  laterally.  Their  ducts  were  identified  as  they  accompanied  the 
arterial  blood  supply  of  these  glands,  and  were  ligated  by  a  single  silk  suture. 
The  procedure  was  repeated  on  the  opposite  side.  The  parotid  gland  duct  was 
ligated  on  each  side  in  a  similar  fashion  through  a  horizontal  incision  above 
the  lower  border  of  the  mandible.  The  animals  in  Group  2  had  the  major 
salivary  glands  extirpated  by  methods  previously  described.®  Animals  in 
Group  3  were  unoperated  and  served  as  controls.  All  animals  received  the 
same  cariogenie  corn  diet®  and  fluoride-low  (F  =  0.05  /itg/ml.)  drinking  water 
ad  libitum.  After  116  and  140  days,  respectively,  the  animals  in  Series  I  and 
II  were  sacrificed  by  chloroform,  and  the  heads  removed  and  studied  for  den¬ 
tal  caries  by  methods  previously  described.®  Salivary  glands  from  ligated  and 
control  groups  were  removed  for  histologic  study  to  determine,  in  the  operated 
group,  the  thoroughness  of  the  ligation  procedure. 

This  study  was  supported  in  part  by  the  Medical  Research  and  Development  Board, 
Office  of  the  Surgeon  General,  Department  of  the  Army,  under  Contract  No.  DA-49-007-MD-332. 
Received  for  publication  April  4,  1957. 
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DATA  AND  DISCUSSION 

The  results  are  shown  in  Table  I,  and  corroborate  much  previous  work 
which  indicates  that  desalivation  significantly  increases  the  incidence  of  den¬ 
tal  caries  when  compared  to  control  animals,  and  that  this  increase  occurs 
predominantly  in  the  mandibular  arch.  The  dental  caries  experience  is  di¬ 
vided  so  as  to  illustrate  the  amount  of  caries  in  the  maxillary  and  mandibular 
arches.  In  both  series,  the  ligated  animals  had  significantly  (0.001  level  of 
probability)  more  dental  caries  than  the  desalivated  animals,  with  the  greatest 
difference  occurring  in  the  maxillary  arch.  Actually,  the  dental  caries  ex¬ 
perience  is  approximately  4.5  times  as  great  in  the  maxillary  teeth  of  the 
ligated  animals  in  both  series  as  in  the  desalivated  animals.  The  incidence  of 
dental  caries  in  the  maxillary  arch  of  desalivated  animals  was  numerically, 
but  not  significantly,  greater  than  in  comparable  teeth  of  control  animals. 
The  mean  total  numbers  of  lesions  in  the  mandibular  arch  of  ligated  and  de¬ 
salivated  groups  were  essentially  identical. 


Table  I 

A  Comparison  Between  the  Dental  Caries  in  Rats  With  Major  Salivary  Gland 
Extirpation  or  Duct  Ligation 


DENTAL  CARIES  EXPERIENCE  | 

GROUP 

NO.  OF 

ANIMALS 

MEAN  WT. 

GAIN 

(GM.) 

MEAN  NO.  OP 
LESIONS 

MEAN  NO.  LESIONS 
IN  MAXILLARY 
ARCH 

MEAN  NO. 

LESIONS  IN 

MANDIBULAR 

ARCH 

Ligated 

18 

118 

Series  I 

13.9  ±  0.7* 

4.3 

9.6 

Desalivated 

21 

143 

10.2  ±  1.4 

1.0 

9.2 

Control 

20 

224 

6.9  ±  1.0 

0.7 

6.2 

Ligated 

27 

171 

Series  II 

16.7  ±  0.6 

5.6 

11.1 

Desalivated 

27 

188 

12.3  ±  1.5 

1.2 

11.1 

Control 

20 

260 

8.8  ±  1.2 

1.0 

7.8 

*Stan(lard  deviation. 

The  reason  for  the  difference  in  caries  experience  between  ligated  and  de¬ 
salivated  animals  is  not  immediately  apparent.  It  appears  from  these  data 
that  the  biologic  effects  produced  by  ligating  the  ducts  of  the  major  salivary 
glands  is  fundamentally  different  from  the  effect  produced  by  surgical  re¬ 
moval  of  the  glands,  and  additional  study  is  needed. 

The  pronounced  difference  in  the  final  weight  of  the  animals  needs  men¬ 
tion.  Dental  caries  in  the  rat  is  produced  by  a  special  coarse  corn  diet,  and 
one  would  predict  that  the  greater  the  food  consumption,  the  greater  the 
amount  of  caries.  The  effect  of  food  restriction  on  dental  caries  has  been 
studied,^  and  the  results  suggested  a  parallelism  between  chronic  inanition 
and  dental  caries.  While  food  consumption  in  the  various  groups  was  not 
measured,  one  would  predict  from  the  final  body  weight  that  the  ligated  and 
desalivated  animals  were  eating  less  food,  although  at  the  termination  of  the 
study,  all  3  groups  of  animals  appeared  healthy  and  vigorous.  The  dental 
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caries  experience  cannot  be  explained  on  the  basis  of  differences  in  food  con¬ 
sumption,  for  ligated  animals  would  be  expected  to  have  the  lowest  incidence 
as  a  result  of  smaller  body  size. 


CONCLUSIONS 

The  effect  of  salivary  gland  duct  ligation  on  dental  caries  was  eompared 
to  the  effect  of  gland  extirpation  in  the  rat.  The  data  indicate  that  ligated 
animals  develop  significantly  more  caries  than  desalivated  animals  and  that 
this  difference  is  represented  by  an  increase  in  maxillary  caries  in  the  ligated 
group. 
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THE  EFFECT  OF  DIFFERENT  FLUORIDES  ON  THE  SOLUBILITY 
OF  INTACT  DENTAL  ENAMEL  SURFACES 
JOSEPH  C.  MUHLER 

Indiana  University,  Department  of  Chemistry  and  School  of  Dentistry, 
Bloomington,  Ind. 

Many  of  the  variables  affecting  an  estimation  of  solubility  of  intact 
dental  enamel  surfaces  have  been  described.^’  ^  One  of  the  primary 
interests  in  attempting  to  screen  potential  antieariogenic  agents  by  the  whole 
tooth  solubility  method  is  that  the  results  of  such  studies  are  considered  by  many 
to  have  more  significance,  dentally,  than  similar  results  obtained  from  powdered 
enamel.  However,  it  has  been  shown  by  many  different  workers  that  teeth 
vary  considerably  in  their  acid  solubility  and,  in  fact,  the  same  teeth  differ 
in  different  areas.*  In  order  to  find  a  method  which  might  eliminate  the  more 
serious  of  these  variables  the  technic  outlined  in  tMs  paper  has  been  devised. 
This  method  is  based  upon  an  estimation  of  the  amount  of  phosphorus  lost 
from  an  embedded  permanent  tooth  with  the  labial  surface  exposed,  previous 
to  and  following  treatment  with  the  compound  under  investigation. 

EXPERIMENTAL 

The  teeth  used  throughout  this  investigation  were  caries-free  maxillary 
first  incisors.  In  all  instances,  the  teeth  were  stored  immediately  after  extrac¬ 
tion  in  fiuorine-free  water  until  ready  for  use.  Following  the  mounting  of  the 
teeth,  they  were  again  stored  in  water,  and  at  no  time  during  the  investiga¬ 
tion  were  they  allowed  to  become  dehydrated. 

The  preparation  of  the  whole  tooth  mount  was  as  follows :  with  the  use  of 
carborundum  separating  discs,  the  root  was  removed  about  1  mm.  below  the 
cementoenamel  junction.  Two  grooves,  approximately  5  mm.  long,  were  then 
made  in  the  mesial  and  distal  surfaces  about  1  mm.  below  the  contact  point 
and  toward  the  lingual  surface,  in  order  to  provide  a  retention  space  for  the 
tooth  in  a  Wood’s  metal  mounting.  The  labial  surface  of  the  crown  was  now 
gently  pressed  into  a  mold  filled  with  modeling  clay,  in  such  a  manner  as  to 
embed  the  greater  portion  of  the  labial  surface. '  In  order  to  cover  the  entire 
crown,  with  the  exception  of  the  labial  surface,  with  Wood’s  metal,  and  to  en¬ 
sure  a  mold  of  the  proper  size  which  would  fit  into  a  brushing  machine,  an¬ 
other  mold  of  the  appropriate  size  was  placed  on  top  of  the  embedded  crown 
in  such  a  manner  that  the  lingual  surface  of  the  tooth  was  visible.  Molten 
Wood’s  metal  was  next  poured  into  the  mold  and  allowed  to  set  for  1  or  2 
minutes,  an  I  the  embedded  tooth  mount  was  separated.  This  resulted  in  hav¬ 
ing  the  labial  surface  of  the  tooth  embedded  in  a  metal  mount  with  a  definite 

This  study  was  supported  by  a  grant  from  the  Procter  and  Gamble  Company,  Cincinnati, 
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area  of  the  labial  surface  exposed.  The  margins  were  trimmed  with  a  sharp 
instrument  for  neatness  and  to  ensure  that  a  perfect  seal  had  resulted,  taking 
care  not  to  damage  the  surface  of  the  enamel  at  any  time.  Since  each  tooth 
served  as  its  autocontrol,  it  was  not  necessary  to  assure  oneself  that  an  iden¬ 
tical  amount  of  the  labial  surface  was  exposed  on  different  teeth. 

The  mounted  tooth  surface  was  prepared  for  an  estimation  of  its  unpro¬ 
tected  solubility  by  first  thoroughly  cleaning  the  tooth  with  the  aid  of  a  tooth¬ 
brush  and  fluorine-free  distilled  water.  The  exposed  labial  surface  was  pol¬ 
ished  for  1  minute  with  a  slurry  of  corundum  compound  (2.6  Gm.  of  solid  ■ 
corundum  in  5.0  ml.  of  water)  and  again  thoroughly  cleaned  with  a  tooth¬ 
brush  and  fluorine-free  distilled  water.  The  deealcifieation  procedure  origi¬ 
nally  consisted  of  8  separate  decalcifications  in  order  to  ensure  that  the  sur¬ 
face  enamel  was  losing  inorganic  phosphate  at  a  rather  constant  rate.  This 
was  performed  by  immediately  placing  the  polished  tooth  into  a  beaker  con¬ 
taining  40.0  ml.  of  0.2  M  acetic  acid,  adjusted  to  pH  4.0  with  sodium  hydrox¬ 
ide.  The  solution  was  stirred  by  means  of  a  mechanical  stirring  apparatus  for 
15  minutes  at  a  constant  rate  of  60  r.p.m.  The  rate  of  stirring  and  time  re¬ 
quired  were  previously  determined  as  being  the  optimal  conditions  for  these 
studies.  Immediately  following  the  first  15-minute  stirring  interval,  the 
tooth  mount  was  removed,  washed  under  tap-distilled  water,  blotted  dry 
with  filter  paper,  and  immediately  placed  into  a  new  beaker  containing  40.0 
ml.  of  fresh  decalcifying  solution.  This  procedure  was  repeated  8  times. 
The  solutions  were  analyzed  for  phosphorus  by  the  method  of  Fiske  and  Sub- 
barow®  using  a  20-ml.  aliquot  of  the  acetate  decalcifying  solution.  A  typical 
deealcifieation  series  is  one  that  would  steadily  show  a  loss  of  phosphate  for 
the  first  three  or  four  decaleifications,  after  which  the  phosphate  loss  would 
be  relatively  constant  (see  Fig.  1).  As  a  result  of  these  studies  it  was  decided 
that  in  most  instances  4  separate  decalcifications  would  serve  satisfactorily 
in  order  to  indicate  a  relatively  constant  phosphate  loss,  so,  in  the  studies 
reported  herewith,  only  4  decalcifications  wore  carried  out  instead  of  8.  The 
stirring  apparatus  is  so  designed  that  6  teeth  may  be  stirred  at  a  time;  thus, 
in  all  studies,  6  teeth  were  run  at  once. 

The  protection  of  the  tooth  by  the  compound  under  investigation  was 
performed  following  the  fourth  deealcifieation  by  placing  the  washed,  mounted 
tooth  in  a  beaker  containing  40  ml.  of  the  protecting  solution  and  stirring  the 
solution  for  20  minutes  at  60  r.p.m.  These  values  were  selected  from  pre¬ 
vious  investigations  which  indicated  that  they  were  optimal  for  these  studies. 
For  example,  an  effective  solubility-reducing  agent  in  aqueous  solution  could 
be  used  under  these  conditions  at  a  moderately  high  fluoride  concentration 
and  still  not  permanently  affect  the  tooth  surface  to  the  extent  that  it  could 
not  be  reused. 

The  degree  of  protection  of  the  compound  against  acid  solubility  was 
estimated  by  comparing  the  amount  of  phosphorus  lost  in  the  first  decalcifica¬ 
tion  following  the  protection  treatment  with  the  phosphorus  lost  during  the 
fourth  unprotected  decalcification  standard  value. 
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When  the  same  teeth  were  to  be  reused,  the  4  decalcification  periods,  pre¬ 
ceded  by  the  initial  polishing,  were  repeated.  In  some  instances,  following 
the  evaluation  of  a  highly  effective  antisolubility  agent,  the  teeth  may  re¬ 
quire  more  than  4  decalcifications.  In  these  instances,  the  teeth  were  de¬ 
calcified  until  they  returned  essentially  to  their  decalcification  values  as  de¬ 
termined  during  the  initial  series  of  studies. 


1.8 

1.6 

1.4 


.2 


•  Stondard  decalcification 
A  Redecalcification  following 
protection. 


A 


A 


80%  tnotnd  I 
solubility  \ 
protoction 


2*  3*  4- 

I*  2*  4^^  5* 

Number  of  decalcifications 


Fig.  1. — A  comparison  between  the  phosphorus  removed  from  an  embedded  permanent 
central  incisor  previous  to  and  following  treatment  with  an  aqueous  solution  of  stannous 
fluoride. 


DATA  AND  DISCUSSION 

Fig.  1  shows  the  data  from  a  typical  series  of  standard  decalcifications, 
as  well  as  the  protective  effect  of  stannous  fiuoride.  There  was  an  increasing 
loss  of  phosphorus  following  each  separate  decalcification,  indicating  an  in¬ 
creasing  loss  each  time  the  tooth  section  was  exposed  to  the  decalcifying  solu¬ 
tion.  Following  the  fourth  deealcification,  the  tooth  mount  was  placed  in  a 
stannous  fiuoride  solution  containing  100  fig  F  per  milliliter  for  20  minutes, 
and  immediately  following  this  treatment  it  was  exposed  to  the  decalcifying 
solution  for  4  separate  times.  There  was  a  decreased  loss  of  phosphorus  fol¬ 
lowing  treatment  with  stannous  fiuoride.  This  protection  remains  pro¬ 
nounced  throughout  the  following  3  decalcifications.  The  fourth  and  fifth 
decalcifications  indicate,  however,  that  the  protective  effect  is  lost  after  con¬ 
tact  with  acid  for  this  number  of  times.  The  “percentage  protection”  is  com¬ 
puted  by  comparing  the  phosphorus  lost  during  the  fourth  standard  decal¬ 
cification  and  the  phosphorus  lost  during  the  first  redecalcification  following 
treatment  with  the  stannous  fluoride;  it  is  found  in  this  instance  to  be  ap¬ 
proximately  80  per  cent. 

Table  I  indicates  the  protective  effect  of  10  different  compounds  in  order 
of  increasing  effectiveness  as  evaluated  by  this  method.  The  data  indicate 
a  marked  superiority  of  stannous  fluoride  and  stannous  chlorofluoride  for 
reducing  the  solubility  of  whole  tooth  surfaces.  The  data  show  that  not  all 
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fluoride-containing  compounds  have  the  same  effect  in  reducing  the  solubility 
of  whole  tooth  sections,  even  though  their  fluoride  concentrations  are  iden¬ 
tical.  These  data  corroborate  previous  work  from  this  laboratory  in  which 
different  fluorides  have  been  evaluated  by  means  of  powdered  enamel  solu¬ 
bility  technics.*  In  a  comparison  of  the  percentage-effectiveness  of  the  various 
compounds  tested  by  the  whole-tooth-surface  method  with  that  of  similar 
compounds  tested  by  the  powdered  enamel  technics,  the  same  relative  order 
of  effectiveness  is  found.  For  example,  results  from  the  whole-tooth-surfaee 
method  clearly  indicate  the  superiority  of  stannous  fluoride  over  sodium 
fluoride,  and  the  same  results  are  evident  from  powdered  enamel  technics. 


Table  I 

A  Comparison  of  the  Effectiveness  of  10  Different  Compounds  in  Reducing  the  Acid 
Solubility  of  Whole  Tooth  Sections  (All  Fluorides  Are  at  Their  Natural  pH) 


CONCENTRATION  I 

NUMBER  OF 

F 

sn 

PER  CENT 

COMPOUND 

1  TEETH 

(AIG/ML.) 

1  (mg/ml.) 

PROTECTION 

Na,PO,F 

15 

100 

- 

6 

Stannous  gluconate 

18 

- 

100 

7 

SnCl, 

24 

— 

100 

23 

Na,SiF. 

23 

100 

- 

32 

KF 

12 

100  1 

— 

36 

NaF 

29 

100 

— 

40 

Na,SnF, 

12 

100 

100 

48 

KSnF, 

14 

100 

200 

53 

SnClF 

16 

100 

600 

61 

SnF, 

24 

100 

300 

80 

Furthermore,  experimental  dental  caries  studies  in  rats®*  ®  and  human  beings^'® 
also  have  indicated  the  superiority  of  stannous  fluoride.  From  these  limited 
correlations  with  human  clinical  data,  it  would  appear  that  either  the 
powdered  enamel  or  whole  tooth  technic  is  a  reliable  method  for  evaluating 
compounds  which  would  be  clinically  effective,  provided  that  there  are  marked 
differences  in  the  ability  of  the  compounds  to  decrease  the  solubility  of 
powdered  enamel  or  whole  tooth  sections. 

The  results  of  these  studies  may  be  helpful  in  explaining  the  lack  of 
correlation  between  in  vitro  and  clinical  studies  when  lead  fluoride  was  stud¬ 
ied.  The  reason  for  the  failure  of  the  lead  compounds  to  be  clinically  ef¬ 
fective,^®  while  showing  positive  antisolubility  results,^^  might  well  be  cor¬ 
related  with  the  insolubility  of  lead  fluoride  and  the  necessity  of  requiring 
higher  fluoride  levels  in  human  beings  to  produce  satisfactory  reductions 
when  topically  applied.  Also,  the  antisolubility  effect  produced  by  lead 
fluoride,  while  being  quite  marked,  falls  within  a  range  whieh  'must  be  con¬ 
sidered  ineffective  when  attempting  to  correlate  these  data  with  anticariogenic 
effectiveness  in  human  beings.  Sodium  silicofluoride  has  a  slightly  lesser 
degree  of  antisolubility  effectiveness  when  compared  with  sodium  fluoride, 
and  has  reduced  human  dental  caries,  when  applied  topically  by  a  lesser 
amount  than  topically  applied  sodium  fluoride.^® 

To  study  more  closely  the  correlation  between  results  based  on  enamel 
solubility  methods  and  on  human  topical  fluoride  applications,  a  variation  of 
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the  method  reported  herewith  was  used  to  evaluate  various  compounds,  some 
of  which  have  been  extensively  studied  clinically.  In  these  studies  the 
mounted  teeth  were  decalcified  4  times  by  means  of  the  standard  procedures, 
after  which  the  teeth  were  thoroughly  cleaned  with  water  and  a  toothbrush. 
The  compounds  to  be  evaluated  were  applied  by  means  of  a  cotton  applicator 
in  exactly  the  same  manner  as  would  be  used  clinically,  namely,  4  single  ap¬ 
plications  lasting  for  4  minutes  each.  Following  this,  the  teeth  were  rede¬ 
calcified  by  means  of  the  routine  procedures  and  the  percentage  protection 
was  calculated.  Table  II  shows  these  results  and  indicates  again  the  marked 
superiority  of  stannous  fiuoride  and  stannous  chlorofiuoride.  Again,  while 
sodium  fluoride  and  sodium  silicofluoride  do  appear  to  reduce  enamel  solu¬ 
bility  to  some  extent,  it  may  well  be  that  clinical  effectiveness  is  shown  only 
by  those  compounds  capable  of  producing  a  decrease  in  solubility  of,  say,  at 
least  30  per  cent. 

Table  II 

A  Comparison  or  the  Antisolubility  Effectiveness  of  Various  Inorganic  Fluorides 
When  Applied  Topically  to  Embedded  Whole  Tooth  Sections  by  an  Appucation 
Method  Similar  to  That  Used  in  Human  Clinical  Studies  (All  Fluorides 
Are  at  a  Concentration  of  2.0  Per  Cent,  and  at  Their  Natural  pH) 


FLUORIDE  1 

PER  CENT  PROTECTION 

Na,PO.P 

0 

Na,SiP, 

10.0 

NaP 

11.7 

KF 

16.2 

HF 

26.3 

SnClF 

33.8 

SnF, 

39.1 

Through  the  use  of  this  method  a  number  of  experimental  variations,  such 
as  the  testing  of  dentifrices,  can  satisfactorily  be  adopted.  It  is  felt  that  this 
method  has  certain  inherent  benefits  not  possessed  by  the  powdered  enamel 
technic,  but  for  routine  screening  of  solutions  no  real  advantages  have  been 
found. 

CONCLUSIONS 

A  method  of  measuring  the  solubility  of  whole  tooth  surfaces  has  been 
devised  in  which  each  tooth  serves  as  its  autocontrol,  thus  separating  treat¬ 
ment  difference  from  differences  in  solubility  known  to  exist  between  teeth. 
The  utility  of  the  method  has  been  demonstrated  by  showing  the  antisolu¬ 
bility  effect  of  10  different  compounds,  with  stannous  fluoride  and  stannous 
chlorofiuoride  being  the  most  effective.  The  correlation  of  these  data  with 
known  clinical  results  and  the  adaptability  of  this  method  to  other  experi¬ 
mental  technics  is  discussed. 
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THE  EFFECT  OF  SELENIUM  ON  THE  INCIDENCE  OF  DENTAL 

CARIES  IN  RATS 

JOSEPH  C.  MUHLER,  D,D.S.,  Ph.D.,  AND  WILLIAM  G.  SHAFER,  D.D.S.,  M.S. 
Indiana  University,  Department  of  Chemistry  and  School  of  Dentistry,  Bloomington  and 

Indianapolis,  Ind. 

A  DIRECT  relationship  between  the  degree  of  susceptibility  to  dental 
caries  and  the  urinary  selenium  concentration  has  been  demonstrated  in 
the  human  being.^*  *  However,  when  sodium  selenite  was  injected  intraperi- 
toneally  in  albino  rats,  no  significant  differences  in  the  dental  caries  experi¬ 
ence  were  noted  when  compared  to  a  group  receiving  no  selenium.®  Since  in 
the  latter  study  rats  whose  molar  teeth  were  already  calcified  probably  were 
used  (the  age  of  the  animal  was  not  reported)  and,  since  it  is  not  known  whether 
the  salivary  glands  are  permeable  to  selenium  ions,  it  sinmied  logical  to 
study  the  effect  of  selenium  when  applied  directly  to  the  enamel  surface,  such 
as  would  occur  if  the  animals’  food  contained  the  selenium.  Furthermore,  the 
goitrogenic  action  of  selenium  appears  well  established  and  it  is  conceivable 
that  the  element  could  affect  the  caries  incidence  in  a  manner  similar  to  that 
demonstrated  for  another  goitrogen,  propylthiouracil.* 


PROCEDURE 


A  total  of  45  male  weanling  Sprague-Dawley  strain  rats  were  divided 
equally  according  to  body  weight  into  2  groups.  Group  1  received  a  stock 
com  cariogenic  diet  from  the  beginning  of  the  study  which  contained  10  mg. 
of  sodium  selenite  per  kilogram.  After  6  weeks,  the  amount  of  sodium  selenite 
was  raised  to  15  mg.  per  kilogram  of  diet,  after  8  weeks  to  20  mg.  per  kilo¬ 
gram,  and  after  12  weeks  to  30  mg.  per  kilogram.  Group  2  received  the  same 
diet  without  added  selenium.  The  animals  received  their  respective  diets 
and  fiuorine-low  (F  =  0.2  /*g/ml.)  drinking  water  ad  libitum  for  140  days, 
after  which  they  were  sacrificed  by  chloroform,  the  heads  removed  for  dental 
caries  evaluation  by  procedures  already  described,®  and  the  salivary  glands 
removed  for  histologic  study. 


RESULTS  AND  DISCUSSION 

The  ingestion  of  the  diet  containing  selenium  for  140  days  resulted  in  no 
difference  in  the  incidence  of  experimental  dental  caries  in  the  rat  (Table  I). 


Table  I 

The  Effect  of  Sodium  Selenite  in  the  Food  on  the  Incidence  of  Dental  Caries  in  Male 

Rats 


diet 

1  NO. 

OF  ANIMALS 

1  WEIGHT  GAIN  (GM.)  | 

NO.  OF  LESIONS 

Selenium 

22 

118 

6.4 

Control 

20 

224 

6.9 
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Similarly,  no  changes  were  noted  in  the  salivary  glands  of  animals  receiving 
selenium  that  could  not  be  attributed  to  the  general  suppression  of  growth. 

These  data  are  not  conclusive,  although,  taken  collectively  with  other 
published  studies,®  one  would  predict  that  selenium,  as  Na2Se03,  was  of  little 
significance  as  a  cariogenic  agent.  These  studies  fail  to  provide  much  evi¬ 
dence  concerning  the  interesting  observation  made  by  Hadjimarkos,  Storvick, 
and  Remmert  and  more  work  is  needed  in  order  to  clarify  this  problem. 

SUMMARY 

The  effect  of  selenium  on  dental  caries  in  the  rat  was  studied  by  feeding 
sodium  selenite  as  a  constituent  of  the  diet.  The  results  indicated  that  the 
selenium  did  not  alter  the  dental  caries  experience  when  compared  to  a  con¬ 
trol  group  receiving  the  same  diet  without  added  selenium.  The  histologic 
picture  of  the  salivary  glands  was  not  altered  by  selenium  administration. 
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A  METHOD  FOR  THE  DETERMINATION  OF  ENAMEL  SOLUBILITY 
IN  INTACT  RAT  MOLARS  USING  HIGHLY  CONCENTRATED 
FLUORIDE  SOLUTIONS 

WOLFGANG  BUTTNER,*  DR.  MED.  DENT.,  AND  JOSEPH  C.  MUHLER,  D.D.S.,  Ph.D. 
Department  of  Chemistry,  Indiana  University,  Bloomington,  Ind. 

Fluorides  decrease  the  solubility  of  powdered  dental  enameP'®  and  the 
antisolubility  effect  of  fluorides  has  been  shown  by  a  whole-tooth  method.^ 
Furthermore,  it  is  known  that  fluorides  will  also  reduce  the  incidence  of  dental 
caries  in  both  experimental  animals®  ®  and  human  beings.^'®  However,  it  fre¬ 
quently  has  been  noted  that  some  fluoridre  were  markedly  effective  in  reducing 
powdered  enamel  solubility®’  or  experimental  rat  caries,®  only  to  be  found 
ineffective  in  human  studies.^®  Two  such  notable  examples  are  lead  fluoride®’ 
and  sodium  silicofluoride.^^’  ^®  One  of  the  reasons  for  this  lack  of  correlation 
between  powdered  enamel  studies  and  human  caries  data  may  be  that,  in  the 
evaluation  of  effectiveness  by  powdered  enamel  technics,  low’  concentrations 
of  fluoride  must  be  used,  while  highly  concentrated  solutions  are  subsequently 
used  in  the  human  being.  This  is  especially  true  when  fluoride  feeding  ex¬ 
periments  in  the  rat  are  used  as  an  effectiveness  assay  procedure.  Thus,  it 
seems  highly  desirable  to  find  an  e^erimental  techuifi.  which  not  only  cor¬ 
relates  the  laboratory  findings  with  those  results  known  to  exist  in  the  human 
being,  but  also  provides  a  wide  range  of  utility  in  order  to  investigate  different 
compounds  which  effect  the  solubility  of  the  intact  enamel  surface.  Such  a 
technic  should  also  be  able  to  test  a  variety  of  compounds  under  different  ex¬ 
perimental  conditions.  The  method  described  in  this  paper  is  an  attempt  to 
provide  such  a  technic,  since  it  evaluates  in  the  live  rat  the  acid  solubility  of 
intact  caries-free  mandibular  molar  teeth  following  the  topical  application  of 
highly  concentrated  fluoride  solutions,  such  as  would  subsequently  be  used  in 
clinical  studies  if  proved  effective. 

EXPERIMENTAL 

Weanling  male  Sprague-Dawley  strain  rats,  weighing  between  50  and  60 
Gm.,  were  used  in  these  studies.  All  animals  received  daily  topical  applica¬ 
tions  of  the  respective  aqueous  fluoride  solution  by  means  of  a  cotton  appli¬ 
cator.  There  were  12  applications  and  each  lasted  for  a  period  of  30  seconds. 
Only  the  mandibular  teeth  were  treated.  A  metal  clamp  which  depressed  the 
tongue  and  held  the  mouth  open  was  used,  so  that  the  molar  teeth  were  readily 
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accessible.  Following  the  final  topical  treatment  the  animals  were  sacrificed 
by  ether  and  their  heads  and  jaws  were  removed.  The  teeth  were  thoroughly 
cleaned  with  the  aid  of  distilled  water,  the  soft  tissue  was  carefully  and  en¬ 
tirely  removed,  and  both  the  maxillary  and  mandibular  jaws  were  hemi-sec- 
tioned,  the  teeth  remaining  in  situ  in  the  alveolar  bone.  The  4  hemi-jaw  sec¬ 
tions  were  then  embedded  in  self-curing  plastic  resin  (Densoform)  in  such  a 
manner  that  all  of  the  cortical  bone  and  the  tooth,  up  to  the  cervical  area  of 
the  crown,  were  completely  covered.  The  final  covering  of  the  cervical  area 
of  the  teeth  with  resin  was  accomplished  with  the  aid  of  a  very  small  needle. 
The  final  result  was  the  eml>edding  of  the  3  molars  in  plastic  with  only  the 
cliniccl  crown  of  each  exposed  (Fig.  1). 


KiK.  1. — lOnaniel  surfaces  of  embedded  rat  molars  treated  with  distilled  water  (top)  or  stan¬ 
nous  fluoride  (bottom)  after  acid  treatment. 

The  acid  solubility  of  the  intact  and  embedded  molars  was  measured  by 
again  carefully  washing  the  teeth  in  distilled  water,  and  placing  each  embedded 
set  of  molars  individually  into  10.0  ml.  of  0.2  N  acetic  acid  solution,  pH  4.0, 
for  20  minutes.  The  solution  was  stirred  at  60  r.p.m.  with  the  aid  of  a  constant 
stirring  apparatus.  The  teeth  were  then  removed  and  the  amount  of  calcium^® 
and  phosphorus^*  removed  by  the  acetic  acid  solution  was  determined  by 
methods  already  described.^ 

In  order  to  test  the  accuracy  of  the  method,  as  well  as  to  determine  the 
error  involved  in  the  embedding  procedure  in  the  use  of  teeth  from  different 
animals  and  from  the  analytical  methods,  20  control  jaw  halves  were  embedded 
and  placed  in  the  acetic  acid  decalcifying  solution  as  described  above.  The  re¬ 
sults  of  these  determinations  are  seen  in  Table  I.  These  data  show  that  the 


i 


Volume  56 
Number  6 


DETERMINATION  OF  ENAMEL  SOLUBILITY 


899 


method  is  quite  sensitive,  and  that  the  experimental  error  is  only  3  per  cent.  It 
is  to  be  noted  here  that  no  differences  in  the  acid  solubility  of  the  maxillary 
or  mandibular  teeth  were  found. 


Table  1 

The  Experimental  Error  Encountered  When  the  Acid  Solubility  Was  Determined  in 
THE  Teeth  From  20  Embedded  Control  Bat  Hemi-Jaws 


lia  P  DISSOLVED  BY 

10  MU  OP  0.2  N  acetic  AaD  IN  20  MIN. 

NUMBER  OP  HEMI-JAWS  USED 

(MEAN) 

1  (RANGE) 

20 

77  ±  2* 

62-89 

'Standard  deviation. 


Since  this  method  has  the  advantage  of  testing  solutions  at  the  same  con¬ 
centration  as  will  be  used  clinically,  highly  concentrated  solutions  were  used 
in  this  study.  The  fluorides  which  were  studied  were  stannous  fluoride,  stan¬ 
nous  chlorofluoride,  and  sodium  fluoride,  each  furnishing  approximately  9,500 
ppm  F  (or  approximately  equal  to  a  2  per  cent  NaF  solution).  All  solutions 
were  prepared  and  used  fresh  at  their  natural  pH.  In  all  instances,  a  topical 
application  series  of  distilled  water  was  run  as  a  control  for  comparative  pur¬ 
poses. 

DATA  AND  DISCUSSION 

The  results  of  the  topical  application  on  the  acid  solubility  of  the  intact  1 

molar  teeth  is  seen  in  Table  II.  This  table  compares  the  antisolubility  effect 
of  sodium  fluoride  and  stannous  fluoride  with  teeth  topically  treated  by  dis¬ 
tilled  water.  Only  the  mandibular  teeth  were  treated  topically,  but  the  acid 
solubility  of  the  untreated  maxillary  teeth  was  measured  also.  These  data 


Table  II 

The  Acid  Solubility  op  Embedded  Molar  Eat  Teeth  Following  the  Topical  Appucation 
OP  Distilled  Water,  Sodium  Fluoride,  or  Stannous  Fluoride  In  Vivo 


MEAN  Ita  P  DIS¬ 
SOLVED  IN  20  MIN. 

REDUCTION  OF 

NUMBER  OF 

IN  10  MU  OP  0.2  N 

80LUBIUTY 

GROUP 

DENTAL  ARCH 

HEMI-JAWS 

CH,COOH 

(%) 

Distilled  water 

mandibular 

12 

58  ±  4* 

— 

maxillary 

12 

57  +  5 

— 

NaF  (2%) 

mandibular 

12 

37  ±  2 

36 

maxillary 

12 

42  +  2 

26 

SnF,t  (4%) 

mandibular 

12 

31  ±  2 

47 

maxillary 

12 

30  +  2 

47 

'Standard  deviation. 

fPrepared  in  the  Department  of  Chemistry  laboratories  at  Indiana  University. 


indicate  that  the  2  per  cent  sodium  fluoride  solution  resulted  in  a  protection 
of  36  per  cent  in  the  mandibular  teeth  while  the  stannous  fluoride  treatment 
resulted  in  a  47  per  cent  reduction  in  acid  solubility.  This  difference  between 
sodium  fluoride  and  stannous  fluoride  is  signiflcant  at  the  0.02  probability  level 
of  confldence.  These  data,  which  are  obtained  with  the  same  concentrations  of 
fluoride  as  used  clinically,  show  the  same  order  of  effectiveness  as  the  data 
from  the  human  topical  studies  in  which  stannous  fluoride  has  been  compared 
to  sodium  fluoride.®  When  the  stannous  fluoride  treated  teeth  are  compared 
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to  those  receiving  the  topical  application  of  distilled  water,  the  superiority  of 
stannous  fluoride  is  significant  at  the  0.0001  level  of  confidence.  Similar  sta¬ 
tistical  comparisons  for  sodium  fluoride  indicated  a  superiority  significant  at 
the  0.001  level  of  confidence.  Fig.  2  shows  essentially  *the  same  data  except 
the  topically  treated  embedded  molars  are  placed  in  the  acetic  acid  solution 
for  varying  periods  of  time.  It  is  seen  that  the  stannous  fluoride  treated  teeth 
are  more  resistant  to  acid  dissolution  at  every  time  period  studied.  Fig.  1  il¬ 
lustrates  the  surface  of  the  embedded  rat  molars  which  were  treated  with  dis¬ 
tilled  water  or  stannous  fluoride  and  decalcified  with  acetic  acid;  pH  4.0.  The 
pronounced  effectiveness  of  the  stannous  fluoride  solution  in  protecting  the  in¬ 
tact  enamel  rat  surface  from  acid  attack  is  evident.  Sodium  fluoride  treated 
teeth  are  not  illustrated,  since  such  teeth  could  not  be  visibly  distinguished  from 
teeth  treated  only  with  distilled  water. 


FiK.  2. — Comparison  between  the  acid  solubility  (as  estimated  by  phosphorus  dissolu¬ 
tion)  of  embedded  hemi>^w  mandibular  molar  rat  teeth  treated  with  either  distilled  water, 
2  per  cent  sodium  fluoride,  or  4  per  cent  stannous  fluoride  and  subsequently  decalcifled  with 
acetic  acid  for  varying  periods  of  time. 

The  data  in  Table  II  indicate  that  the  maxillary  teeth  also  have  a  pro¬ 
nounced  decrease  in  solubility.  In  fact,  when  stannous  fluoride  is  used,  the 
effect  is  as  great  in  magnitude  in  the  untreated  maxillary  teeth  as  in  the  fluoride 
treated  mandibular  teeth.  These  data  clearly  show  the  inadvisability  of  using 
the  “half -mouth”  or  “one-tooth”  technic  when  studying  fluoride  effectiveness 
in  human  clinical  subjects.  This  is  especially  true  when  stannous  fluoride  is 
used,  since  the  stannous  fluoride  has  such  a  pronounced  affinity  for  enamel. 
This  has  been  mentioned  previously*®  in  relation  to  human  clinical  studies.  It 
is  also  to  be  noted  that,  in  the  group  receiving  the  topical  application  of  dis¬ 
tilled  water,  both  the  maxillary  and  the  mandibular  teeth  have  the  same  degree 
of  acid  solubility. 

In  order  to  extend  these  findings,  additional  in  vitro  studies  using  em¬ 
bedded  molars  were  made.  Table  III  shows  the  results  of  the  topical  applica¬ 
tion  of  molar  teeth  in  vitro.  The  same  technics  and  experimental  procedures 
were  used  in  this  portion  of  the  study  as  described  above  for  the  in  vivo  studies, 
except  that  the  animals  were  sacrificed  first,  and  the  teeth  were  embedded  and 
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Table  HI 

The  Acid  Solubility  of  Embedded  Bat  Molabs  Following  Topical  Appucation  of 

Fluorine  Solutions  In  Vitro 


GROUP 

NUMBER  OF  HEMI- 

JAWS 

MEAN  nQ  P  DISSOLVED  IN 
20  MIN.  IN  10  ML.  OF  0.2 
N  CHjCOOH 

REDUCTION  OF 
SOLUBIUTY  (%) 

Distilled  water 

12 

102  ±  3* 

— 

NbF  (2%) 

10 

61  ±  4 

40 

SnF.t  (4%) 

10 

4  ±  1 

96 

SnClF  (8%) 

10 

11  ±  2 

89 

'Standard  deviation. 

fPrepared  in  the  Department  of  Chemistry  laboratories  at  Indiana  University. 


then  topically  treated.  Numerous  differences  are  evident  between  these  in 
vitro  results  and  the  in  vivo  results.  The  distilled  water  control  teeth  have 
about  twice  the  amount  of  phosphorus  removed  as  from  the  teeth  which  were 
treated  in  vivo,  probably  due  to  increased  solubility  of  extracted  teeth.  Also, 
the  effect  of  the  stannous  fluoride  treatments  is  much  more  dramatic  in  this 
instance  than  when  it  was  performed  in  vivo.  The  explanation  for  this  is  not 
known  at  present,  but  it  may  be  related  to  the  fact  that  it  was  impossible  to 
completely  dry  and  keep  free  of  saliva  the  mandibular  molar  teeth  in  the  live 


FIr.  3. — Comparison  between  acid  solubility,  determined  at  four  different  decalciflcatlon 
pH's,  of  heml'Jaw  embedded  rat  molars  which  were  treated  with  either  distilled  water,  2 
per  cent  sodium  fluoride,  8  per  cent  stannous  chlorofluoride,  or  4  per  cent  stannous  fluoride. 

animals,  whereas  in  these  in  vitro  studies  the  applications  may  have  been  per¬ 
formed  more  thoroughly.  Additional  study  is  needed,  however,  in  order  to 
clarify  this  discrepancy. 

To  determine  if  the  same  relative  degree  of  effectiveness  of  the  stannous 
fluoride  would  persist  at  lower  pH  ranges  than  that  us^  to  decalcify  the  enamel 
(pH  4),  new  control  embedded  molar  teeth  were  treated  topically  in  vitro  with 
either  distilled  water,  2  per  cent  sodium  fluoride,  8  per  cent  stannous  chlorofluo- 
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ride,  or  4  per  cent  stannous  fluoride,  and  the  teeth  were  then  decalcifled  with 
acetic  acid  at  varying  pH’s.  These  results  (Fig.  3)  clearly  demonstrate  the 
pronounced  antisolubility  effect  of  the  2  tin  fluorides. 

To  extend  these  studies  further,  a  group  of  weanling  rats  was  ^iacriflced, 
the  teeth  were  cleaned  and  embedded  as  previously  described,  and  the  molars 
were  then  placed  directly  into  either  distilled  water,  2  per  cent  sodium  fluoride, 
or  4  per  cent  stannous  fluoride.  The  solutions  were  stirred  for  10  minutes  at 
60  r.p.m.  and  then  analyzed  for  phosphorus  after  decalciflcation  as  described 
above.  These  data  (Table  TV)  again  demonstrate  the  superiority  of  stannous 
fluoride  over  sodium  fluoride. 


Table  IV 

The  Effect  on  Acid  Solubility  of  Placing  the  Intact  Molar  Teeth  Directly  .tn  the 
Respective  Fluoride  Solutions 


PROTECTIVE 

treatment 

NUMBER  OP 

hemi-jaws 

ftO  P  DISSOLVED  IN 

20  MIN.  IN  10  ML.  OF 
0.2  N  CHjCOOH 

MEAN  /iG  P 
REMOVED 

reduction  in 

SOLUBILITY 

(%) 

Redistilled  H.O 

1 

84 

2 

58 

3 

73 

75  ±  5 

- 

4 

72 

5 

89 

NaF  (2%) 

1 

33 

natural  pH: 

2 

30 

7.5 

3 

34 

31  ±  1 

58 

4 

30 

5 

30 

SnF,  (4%) 

1 

4 

natural  pH: 

2 

4 

2.8 

3 

5 

5  ±  0.2 

93 

4 

5 

5 

5  . 

6 

5 

The  results  of  the  acid  solubility  studies  of  powdered  human  enamel  raised 
the  question  as  to  the  effect  of  treating  powdered  rat  enamel  with  different 
fluorides.  In  order  to  study  this,  enamel  was  obtained  from  weanling  rats 
that  had  had  no  previous  contact  with  fluorides.  The  enamel  was  prepared  by 
the  method  described  by  Gilda.^*  The  treatment  of  the  powdered  rat  enamel 
was  the  same  as  described  by  Muhler,  Boyd,  and  Van  Huysen^  for  human 
powdered  enamel.  The  results  of  this  study  are  seen  in  Table  V.  The  marked 
effectiveness  of  the  2  tin  fluorides,  stannous  fluoride  and  stannous  chlorofluoride, 
is  apparent. 


Table  V 

The  Effect  of  Different  Fluorides  on  the  Acid  Solubility  of  Powdered  Rat  Enamel 
(F  (Concentration  Was  100  ppm) 


PROTECTIVE 

TREATMENT 

NUMBER  OF  50  MG. 
SAMPLES  OF 
POWDERED  RAT 
ENAMEL  USED 

MEAN  MO.  P 
DISSOLVED  AFTER 
20  MIN. 

TREATMENT  WITH 
0.2  N  CH,COOH 

MEAN  MG.  Ca 
DISSOLVED  OUT 

OF  SAMPLE 

PER 

TION 

ITY 

P 

CENT  REDUC- 
OP  80LUBIL- 

RELATED  TO 

1  ca 

SnF, 

5 

0.75  ±  0.04* 

1.61  ±  0.10 

69 

68 

SnClF 

5 

0.59  ±  0.02 

1.33  ±  0.06 

76 

74 

NaF 

5 

1.70  ±  0.01 

3.38  ±  0.03 

30 

34 

H,0  (control) 

5 

2.42  ±  0.07 

5.10  ±  0.20 

— 

— 

'Standard  deviation. 
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These  studies  provide  a  technic  whereby  many  different  fluorides,  as  well 
as  other  compounds  proposed  to  have  an  effect  on  the  enamel  surface,  can  be 
evaluated  under  a  variety  of  experimental  approaches.  Since  the  in  vivo  re¬ 
sults  showing  a  superiority  of  stannous  fluoride  over  sodium  fluoride  seem  to 
parallel  closely  the  data  obtained  in  human  beings,®  perhaps  the  long-sought- 
after  technic  of  providing  a  screening  method  for  clinical  topical  agents  may  be 
achieved  through  the  use  of  these  or  similar  methods.  The  reasons  why  the  in 
vitro  and  in  vivo  results  with  stannous  fluoride  in  this  study  differ  in  magnitude 
offer  an  interesting  challenge,  and  perhaps  this  explanation  will  provide  a 
partial  answer  to  the  mechanism  of  action  of  stannous  fluoride. 

summary 

A  topical  technic  of  using  highly  concentrated  fluoride  solutions  in  live 
animals  and  subsequently  determining  the  acid  solubility  of  embedded  molars 
is  described.  Sodium  fluoride  is  shown  to  have  a  significant  effect  on  the  solu- 
])ility  of  intact  molar  rat  teeth.  Stannous  fluoride  was  highly  effective  as  an 
antisolubility  agent  and  significantly  superior  to  sodium  fluoride  in  its  effective¬ 
ness. 
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DIETARY  CASEIN-SUCROSE  RATIOS  AND  THEIR  EFFECTS  ON 
MINERALIZED  TISSUES 

F.  L.  LOSEE,  D.D.S.,  K.  VAN  KEEN,  Ph.D.,  S.  C.  PECKHAM,  M.S.,*  W.  C.  HESS,  Ph.D., 
N.  HENDERSON,  M.S.,  AND  L.  J.  GERENDE,  B.S.** 

National  Naval  Medical  Beaearch  Institute,  Naval  Dental  School,  Bethesda,  Md.,  and 
Georgetown  University  Schools  of  Medicine  and  Dentistry,  Washington,  D,  C. 

The  effects  of  dietary  factors  on  the  production  of  dental  caries  in 
experimental  animals  have  received  considerable  attention.  Current  in¬ 
formation  has  been  reviewed  adequately  by  Bunting,^  McClure,^  and  by  the 
Advisory  Committee  on  Research  in  Dental  Caries.®  These  reviews  demon¬ 
strated  the  importance  of  certain  of  the  food  elements  in  either  promoting  or 
inhibiting  the  development  of  caries.  The  experiments  reported  in  the  present 
paper  were  conducted  to  determine  the  influence  of  the  ratio  of  protein  to 
carbohydrate  in  the  diet  on  the  occurrence  of  dental  caries  in  the  rat.  The  in¬ 
vestigations  of  Sobel,  Hanok,  and  Shaw^  and  Sobel®  suggest  that  changes  in 
caries  susceptibility  can  be  correlated  with  alterations  in  the  composition  of 
the  teeth.  In  the  light  of  these  observations  we  have  included  data  on  the 
composition  of  the  teeth  and,  also,  bone. 

EXPEMMENTAL 

Feeding  methods:  The  68  male  rats  used  came  from  our  “closed”  NMRI 
colony  of  Osbome-Mendel  albino  rats  that  was  started  10  years  ago.  The  an¬ 
imals  were  kept  in  individual  stainless  steel  cages  (8  x  12  x  10  inches),  each 
equipped  with  a  screen  bottom,  a  250  ml.  water  bottle  with  a  stainless  steel 
spout,  and  a  nonspillable  food  jar.  The  range  of  temperature  was  from  74°  to 
77°  F.  and  the  humidity  from  50  to  69  per  cent.  The  animal  room  was  kept 
dark  during  the  night  and  illuminated  by  fluorescent  lighting  by  day. 

An  initial  problem  was  the  establishment  of  an  adequate  protein  level 
for  the  NMRI  rat.  Literature  values  for  the  protein  content  of  diets  fed  to 
weanling  rats  varied  from  18  per  cent  upward.  Harlow®  and  Richter,  Holt, 
and  Barecare^  found  that  rats  express  deflnite  food  preferences  sufficient  to 
complete  a  balanced  diet.  In  6  separate  self-selection  studies,  the  NMRI  rats 
chose  diets  containing  from  26.0  to  29.2  per  cent  vitamin-free  casein.  For  the 
experiments  to  be  described  here  a  30  per  cent  casein  diet  has  been  used  as  the 
adequate  diet  and  20  and  40  per  cent  casein  as  the  experimental  diets. 

The  opinions  and  assertions  contained  herein  are  the  private  ones  of  the  writers  and 
are  not  to  be  construed  as  official  or  reflecting  the  views  of  the  Navy  Department  or  the 
naval  service  at  large. 

The  work  was  supported,  in  part,  by  a  contract  (Nonr  1531  (00),  with  the  Department 
of  the  Navy. 

Ileceived  for  publication  Feb.  18.  1957. 

*  Present  address:  Atomic  Defense  School,  U.  S.  Naval  Station,  Treasure  Island,  Calif. 
••I’resent  address:  University  of  Michigan.  Ann  Arbor,  Mich. 
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The  animals  were  placed  on  the  several  diets  at  the  weaning  age  of  21 
days.  The  control  diet  consisted  of  Rockland  Rat  Diet  pellets,  ground  to  pass 
the  40-mesh  screen  sieve  with  75  per  cent  passing  the  60-mesh  screen  sieve. 
The  compositions  of  20,  30,  and  40  per  cent  casein  diets  are  given  in  Table 
I.  The  diets  were  stored  at  40°  F.,and  fed  ad  libitum  for  6  weeks.  Distilled 
water  was  available  at  all  times.  Food  intake  was  approximated  by  weighing 
the  amount  of  the  diet  left  at  the  end  of  the  experiment  and  deducting  it  from 
the  weight  of  the  diet  prepared.  The  difference  was  apportioned  equally  among 
all  the  rats  on  the  diet. 


Table  I 

Composition  op  the  Experimental  Diets 

(ALL  AMOUNTS  ARE  GRAMS) 


1  20P|1 

30p 

40p 

Casein,  vitamin-free* 

3,000 

4,000 

Sucrose,  fine  granulated 

7,180 

6,180 

5,180 

Linoleic  acid 

100 

100 

100 

Cottonseed/corn  oilt 

100 

100 

100 

Vitamin  mixture! 

220 

220 

220 

HMW  salt  mixture^ 

400 

400 

400 

Total 

10.000 

10.000 

10,000 

'From  Nutritional  Biochemicals  Corp.  ' 

tPartlally  hydrogenated  from  Colonial  Packing  Corp.,  Newark,  N.  J. 

IFrom  Nutritional  Biochemicals  Corp.,  adds  186  g  dextrose  to  the  diets. 

{From  Nutritional  Biochemicals  Corp.,  adds  19  ppm  fluorine  to  the  diets,  the  Rockland 
Rat  Diet  contains  the  same  amount  of  fluorine. 

IIThe  20,  30,  and  40  per  cent  protein  diets  are  referred  to  as  20P,  SOP,  and  40P. 

The  weights  of  the  animals  were  recorded  weekly.  At  the  conclusion  of 
the  feeding  period  the  animals  were  sacrificed,  the  femurs  and  incisor  teeth 
were  removed,  cleaned  of  external  soft  tissue,  and  weighed.  These  samples 
were  kept  in  a  vacuum  desiccator  over  silica  gel  for  48  hours  before  they  were 
ground  in  a  micro-Wiley  mill  to  pass  a  20-mesh  screen  sieve.  The  femurs  and 
incisors  thus  included  the  dehydrated  tissues  of  the  marrow  and  pulpal  spaces. 

Analytical  methods:  Calcium  was  determined  by  the  titrimetric  procedure 
of  Sobel  and  Sklersky®  with  the  modifications  suggested  by  Sobel,  Rocken- 
macher,  and  Kramer.®  Six  replicate  analyses  of  calcium  carbonate  (J.  T. 
Baker,  C.  P.,  99.9  per  cent  pure)  showed  a  mean  recovery  and  standard  devia¬ 
tion  of  99.5  ±  0.5  per  cent. 

Phosphorus  determinations  were  carried  out  according  to  the  colorimetric 
procedure  described  by  Fiske  and  Subbarow.*®  A  mean  recovery  and  standard 
deviation  of  99.0  ±  0.8  per  cent  were  obtained  from  4  replicate  analyses  of  cal¬ 
cium  phosphate,  dibasic  (Mallinckrodt,  99.9  per  cent  pure).  In  5  analyses  of 
dentin  a  mean  phosphorus  and  standard  deviation  of  16.8  ±  0.5  per  cent  were 
found. 

Nitrogen  analyses  were  accomplished  by  the  micro-Kjeldahl  method,  using 
a  selenium  catalyst,  and  titration  of  the  distillate  from  the  digest.  A  mean 
recovery  and  standard  deviation  of  100.4  ±  0.5  per  cent  were  obtained  from  5 
analyses  of  glycine  (Fisher  reagent). 
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Ash  determinations  were  carried  out  in  pre-ignited  platinum  crucibles. 
The  crucibles  containing  the  samples  were  placed  in  a  cold  electric  muffle 
furnace.  The  temperature,  1  hour  later,  was  200°  C.  and  was  allowed  to  in¬ 
crease  to  550°  to  560°  C. ;  the  latter  temperature  was  maintained  for  3  hours. 
The  muffle  was  then  turned  off,  allowed  to  cool  to  100°  C,,  and  the  crucibles 
removed  and  placed  in  a  desiccator.  When  room  temperature  was  reached  the 
crucibles  were  weighed. 

Amino  acid  determinations  were  made  on  the  proteins  isolated  from  the 
femurs  and  incisors  by  the  methods  described  by  Hess  and  Lee.^^ 

Tlie  caries  scoring  and  reading  were  done  according  to  the  procedure  of 
Sehlack,  Howell,  and  Taylor.^ 


RESULTS 

Calculated  protein  content  of  the  experimental  diet:  Analysis  of  the 
vitamin-free  casein  showed  that  it  contained  14.7  per  cent  nitrogen,  6.8  per 
cent  moisture,  and  1.0  per  cent  ash.  On  the  basis  of  the  moisture  and  ash 
content,  the  casein  contained  92.2  per  cent  protein.  If  the  nitrogen  value  is 
multiplied  by  6.25  the  calculated  protein  content  is  91.3  per  cent.  The  good 
agreement  between  these  2  values  suggested  that  the  factor  of  92  per  cent 
could  be  used  to  determine  the  true  protein  content  of  the  3  diets;  18.4,  27.6, 
and  36.8  per  cent,  respectively.  The  Rockland  Rat  Pellets  used  in  the  control 
diet  contained  3.89  per  cent  nitrogen  and  it  consequently  contained  24.3  per 
cent  protein  if  it  can  be  assumed  that  all  the  nitrogen  was  protein  nitrogen. 

Body  weights:  The  initial,  and  weekly  bo<ly  weights  of  the  experimental 
animals  are  given  in  Table  II.  The  20P  diet  generally  produced  a  smaller  aver¬ 
age  weight  than  did  the  other  3  diets.  This  was  due  to  the  fact  that  the  weekly 
weight  gains  on  the  20P  diet  were  less  than  those  of  the  other  diets  for  the  first 
3  weeks;  after  this  period  the  weekly  gains  were  approximately  the  same  on  all 
diets.  The  difference  between  the  mean  total  weight  gains  for  the  20P  diet  and 
the  other  3  diets  was  significant  at  the  1  per  cent  level  by  a  “t”  test.  Compari¬ 
sons  among  the  other  diets  showed  no  difference. 


Table  II 

Average  Weekly  Body  Weights,  Daily  Food  Consumption,  and  Protein  Efficiency 
(all  values  are  in  grams) 


DIET  1 

20p 

1  30p 

1  40p 

1  control 

No.  of  rats 

16 

15 

17 

17 

Initial  weight 

36 

37 

37 

36 

let  week 

59 

66 

69 

67 

2nd  week 

82 

106 

108 

101 

3rd  week 

111 

148 

143 

138 

4th  week 

147 

174 

179 

174 

5th  week 

185 

214 

218 

209 

6th  week 

210 

239 

240 

232 

Average  gain  per  day 

4.14 

4.81 

4.81 

4.66 

Food  consumption  per  day 

11.3 

10.5 

10.1 

13.9 

Daily  wt.  gain  per  gram  protein 

1.97 

1.66 

1.31 

1.37 

Femurs:  The  data  on  femur  weights  and  calcium,  phosphorus,  and  nitro¬ 
gen  content  are  given  in  Table  III.  The  femurs  of  the  animals  on  both  the 
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control  and  the  40P  diets  were  heavier  than  those  of  the  animals  on  the  20P 
diet  (P  <  0.01).  The  SOP  femurs  were  heavier  than  the  20P  femurs  but  not 
significantly  so  (0.02  <  P  <  0.05).  The  nitrogen  content  likewise  appeared 
to  increase  with  the  increase  in  protein  content  of  the  diet  but  the  increases 
were  not  significant.  No  alterations  were  found  in  the  phosphorus  content. 


Table  III 

Femur  Weights,  Calcium,  Phosphorus,  and  Nitrogen  Content 


DIET 

WEIGHT  AVERAGE  I 
(MO.) 

CALCIUM 

(%) 

PHOSPHORUS 

(%) 

NITROGEN 

20P 

284.8 

22.0 

11.6 

4.28 

.lOP 

309  9 

24.4 

11.6 

4.36 

40P 

334.8 

24.7 

11.7 

4.56 

Control 

327.1 

The  amino  acids  determined  in  the  proteins  isolated  from  the  femurs  on 


diets  20P,  30P,  and  40P  are  given  in  Table  IV.  The  nitrogen  content  of  the 
3  proteins  is  the  same  but  differences  were  found  in  some  of  the  amino  acids. 
Six  of  the  17  amino  acids  determined  increased  in  concentration  as  the  protein 
content  of  the  diet  increased  while  glutamic  acid  decreased. 

Table  IV 

Amino  Acid  in  Rat  Femur  Proteins 

(ALL  VALUE.S  EXPRESSED  AS  PER  CENT  AND  CALCUIJtTED  TO  16  PER  CENT  NITROGEN) 

AMINO  ACID  1 

20p 

1  30P  1 

40p  I 

CASEIN 

18.12 

19.05 

24.02 

2.6 

Proline 

10.24 

11.41 

9.90 

10.8 

Glutamic  acid 

9.08 

8.68 

6.60 

21.4 

Arginine 

7.10 

7.95 

8.50 

4.9 

.\8partic  acid 

5.26 

5.80 

5.64 

6.8 

.‘^rine 

4.18 

2.88 

3.76 

7.0 

l.eucine 

3.58 

3.62 

3.74 

8.5 

Hydroxyproline 

9.88 

10.50 

11.55 

Phenylalanine 

3.23 

3.05 

3.16 

5.0 

Lvaine 

2.89 

4.47 

4.54 

7.8 

Threonine 

2.55 

3.36 

3.10 

5.2 

Methionine 

0.88 

0.62 

1.25 

3.5 

Tyrosine 

0.83 

1.40 

1.77 

6.0 

Histidine 

0.80 

0.99 

1.13 

3.1 

Cystine 

O.-IO 

0.30 

0.34 

0.3 

Valine 

3.25 

3.00 

3.53 

8.1 

Isoleucinc 

2.08 

2.08 

2.17 

5.6 

Tryptophan 

0.00 

0.00 

0.00 

1.2 

Nitrogen  found 

17.15 

17.00 

17.33 

14.6 

Table  IV  also  contains  an  analysis  of  the  casein.  This  is  included  in  order 
to  permit  calculation  of  the  amount  of  essential  amino  acids  received  by  the 
rats  on  the  3  diets. 

Incisors:  The  weights  of  the  pairs  of  upper  and  lower  incisors  are  given 
in  Table  V.  The  calcium,  phosiihorus,  and  nitrogen  content  of  the  incisors 
are  also  included.  The  weights  of  the  lower  pair  of  incisors  on  the  20P,  30P, 
and  40P  diets  are  slightly  less  than  those  of  the  upper  pairs;  however,  the 
difference  is  significant  only  in  the  case  of  the  diet  40P.  On  the  control  diet 
the  result  is  just  the  reverse,  the  lower  incisors  are  heavier.  As  the  protein 
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content  of  the  diet  increased  there  was  a  tendency  toward  an  increase  in  in¬ 
cisor  weight,  both  upper  and  lower.  No  significant  differences  were  found  in 
either  the  calcium  or  phosphorus  content.  The  nitrogen  content  tended  to 
increase  slightly  with  increased  dietary  protein,  paralleling  the  increase  in 
weight. 


Table  V 

Weight,  Calcium,  Phosphorus,  and  Nitrogen  Determinations  on  Rat  Incisors 


DIET 

UPPER  PAIR 
(MG.  1 

LOWER  PAIR 
(MG.) 

CALCIUM 

{%) 

PHOSPHORUS 

(%) 

NITROGEN 

(%) 

20P 

104.0 

103.8 

24.6 

16.2 

2.88 

30P 

109.8 

108.1 

24.0 

15.9 

2.99 

40P 

112.2 

107.4 

24.2 

15.6 

3.13 

Control 

105.1 

108.8 

24.3 

15.7 

2.98 

The  amino  acids  determined  in  the  proteins  isolated  from  the  incisors  arc 
given  in  Table  VI.  No  significant  differences  were  found  in  the  nitrogen  con¬ 
tent.  Some  variations  in  amino  acid  content  were  noted.  A  number  of  the 
amino  acids  showed  a  progressive  increase  in  concentration  as  the  protein  con¬ 
tent  of  the  diet  was  increased.  Two  of  those  with  increased  values,  glycine 
and  hydroxyproline,  had  also  been  found  to  increase  in  the  femur  proteins. 


Table  VI 

Amino  Acid  in  Rat  Incisor  Proteins 

(all  values  expressed  as  per  cent  and  calculated  to  16  PER  CENT  NITROGEN) 


AMINO  ACID 

1  20p 

(  30p 

40p 

1  CONTROL 

Glycine 

19.9 

21.2 

21.4 

20.9 

Proline 

9.5 

10.8 

10.8 

10.5 

Glutamic  acid 

9.4 

8.8 

9.3 

9.1 

Arginine 

7.0 

5.3 

8.9 

6.3 

Aspartic  acid 

6.9 

6.2 

7.8 

6.0 

Serine 

5.1 

4.8 

4.9 

4.9 

Leucine 

3.5 

3.7 

4.7 

3.6 

Hydroxyproline 

10.3 

10.9 

11.8 

10.4 

Phenylalanine 

2.6 

3.2 

4.4 

3.5 

Lysine 

4.3 

3.9 

4.1 

4.2 

Threonine 

2.9 

3.0 

2.2 

2.9 

Methionine 

0.7 

0.8 

1.2 

0.9 

Tvrosine 

1.2 

1.1 

1.3 

1.1 

Histidine 

0.9 

1.1 

1.3 

1.0 

Cystine 

0.1 

0.3 

0.3 

0.2 

Valine 

3.2 

2.8 

3.2 

2.9 

Isoleucine 

1.8 

1.7 

3.3 

2.0 

Tryptophan 

0.0 

0.0 

0.0 

0.0 

Nitrogen  found 

15.05 

15.61 

15.15 

15.35 

Caries:  All  rats  on  all  diets  developed  carious  lesions.  Both  carious  teeth 
and  carious  lesions  were  significantly  greater  in  the  animals  on  the  control  diet 
than  those  on  diets  20P,  SOP,  and  40P  (Table  VII).  The  animals  on  40P  diet 
developed  significantly  greater  numbers  of  carious  lesions  in  the  upper  jaw 
than  did  those  on  diet  SOP.  Otherwise  no  differences  were  demonstrated. 
None  of  the  animals  developed  Score  III  or  severe  caries.  The  animals  on  con¬ 
trol  diet  developed  more  Score  I  caries  than  either  diets  20P  or  SOP  and  also 
more  Score  II  lesions  than  either  20P  or  40P,  No  other  differences  were  dem¬ 
onstrated  at  the  1  per  cent  level  of  significance.  Although  there  was  no  statis¬ 
tically  significant  difference  in  the  number  of  Score  II  lesions  developed  on  the 
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20P,  SOP,  or  40P  diets  only  half  as  many  rats  on  40P  developed  the  Score  II 
lesion  as  on  the  SOP  or  20P  diets.  Twice  as  many  rats  on  the  control  diet 
showed  more  advanced  lesion  than  did  those  on  diet  20P  or  SOP, 


Table  VII 

Incidence  or  Dental  Caries 


DIET  1 

20p  ] 

1  30P  1 

40p 

1  CONTROL 

Total  lesions  per  rat 

6.8 

6.2 

7.2 

10.3 

Score  I  lesions  per  rat 

0.0 

5.1 

7.0 

7.7 

Score  II  lesions  per  rat 

0.8 

1.1 

0.2 

2.6 

Per  cent  rats  with  Score  II  lesions 

37.5 

40.0 

17.6 

76.4 

Severity  score  per  rat 

7.6 

7.3 

7.4 

12.7 

Upper  carious  teeth  per  rat 

2.4 

1.9 

2.5 

3.6 

Lower  carious  teeth  per  rat 

3.0 

2.8 

3.1 

4.2 

Total  carious  teeth  per  rat 

5.4 

4.7 

5.6 

7.8 

Number  of  rats 

16 

15 

17 

17 

DISCUSSION 

The  SOP  diet  (27.6  per  cent)  apparently  contains  the  amount  of  protein 
necessary  to  give  maximum  growth  as  judged  by  total  weight  gain  and  appear¬ 
ance  of  coat.  The  20P  diet  (18.4  per  cent)  did  not  result  in  as  good  growth 
during  the  first  half  of  the  feeding  period  but  during  the  second  half  it  was 
just  as  good  as  the  SOP  diet.  There  was  no  advantage  to  the  40P  diet  (S6.8 
per  cent  protein).  However,  if  the  availability  of  the  protein  is  determined 
by  the  relationship  of  daily  weight  gain  to  daily  protein  intake,  then  the  high¬ 
est  value  is  found  with  the  20P  diet,  1.97  in  comparison  with  1.66  and  l.Sl  on 
the  SOP  and  40P  diets,  respectively.  This  suggests  that,  in  order  for  the  rat 
to  gain  the  additional  0.67  Gm.  per  day  on  the  SOP  diet  over  that  gained  on 
diet  20P,  the  utilization  of  the  protein  is  reduced  and  waste  results.  It  may 
be  that  the  rat  on  the  20P  diet  is  a  biologically  more  efficient  animal  than  is  the 
rat  on  the  SOP  diet,  despite  the  fact  that  it  is  smaller.  Calculation  of  the  amounts 
of  the  essential  amino  acids  received  daily  by  the  rats  on  diet  20P  indicates 
that  they  were  present  in  amounts  greater  than  those  stated  by  Rose,  Oester- 
ling,  and  Womack”  to  be  required  for  optimum  growth. 

Both  the  femurs  and  the  incisors  of  the  rats  on  diet  20P  are  lighter  in 
weight  than  those  of  rats  on  the  SOP  diet.  There  is  less  nitrogen  and  calcium 
in  both  incisors  and  femurs  and  more  phosphorus  in  the  incisors.  The  amount 
and  degree  of  caries  production  are  slightly  higher  but  not  significantly  so  in 
the  rats  on  diet  20P  than  on  SOP.  Hartles^*  has  reported  that  the  incisors  of 
rats  maintained  on  67  per  cent  sucrose  diets  contained  more  calcium  and  phos¬ 
phorus  than  those  on  stock  diets.  Our  results  give  some  confirmation  of  this 
observation,  diet  20P  contains  71.8  per  cent  sucrose  and  the  calcium  and  phos¬ 
phorus  values  in  the  incisors  are  higher  than  those  on  the  control  diet.  It 
should  be  noted  that  the  20P  diet  contains  a  Ca  :P  ratio  of  2 :1  while  the  control 
diet  has  a  ratio  of  3 :1. 

The  amino  acid  composition  of  the  proteins  isolated  from  the  femurs  and 
incisors  exhibits  some  points  of  interest.  The  error  inherent  in  the  methods 
of  analysis  used  are,  in  general,  of  the  order  of  10  per  cent  and  consequently 
variations  in  amino  acid  composition  of  the  same  order  are  not  significant. 
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There  are  2  amino  aeids,  glycine  and  hydroxyproline,  for  which  this  margin 
of  error  is  exceeded.  Further  work  is  needed  using  more  accurate  methods  of 
amino  acid  analyses. 

SUMMARY 

Rats  were  maintained  for  6  weeks  on  diets  containing  20,  30,  and  40  per 
cent  casein,  control  animals  fed  a  standard  lab  chow  were  run  at  the  same 
time.  Maximum  body  weight  gain  was  obtained  on  the  30  per  cent  casein  diet. 
The  femurs  and  upper  and  lower  pairs  of  incisors  were  removed,  weighed,  and 
analyzed  for  nitrogen,  calcium,  and  phosphorus.  The  proteins  of  the  femurs 
and  incisors  were  isolated  and  their  amino  acid  composition  determined. 

Femur  weight  and  calcium  content  were  greatest  on  the  40  per  cent  casein 
diet,  there  was  no  change  in  phosphorus  content,  the  nitrogen  content  in¬ 
creased  slightly  with  increased  dietary  protein.  Several  of  the  amino  acids 
in  the  isolated  protein  also  appeared  to  be  increased. 

Incisor  weight  increased  slightly  with  increased  dietary  protein.  Calcium 
and  phosphorus  decreased  slightly.  Nitrogen  content  of  the  incisors  increased 
slightly.  Analysis  of  the  isolated  proteins  showed  a  tendency  toward  an  in¬ 
crease  in  amino  acid  content  of  several  amino  acids. 

All  of  the  rats  on  all  the  diets  developed  carious  lesions.  None  of  the 
animals  developed  any  Score  III  or  severe  caries.  There  were  no  marked  dif¬ 
ferences  in  the  caries  response  in  any  of  the  3  casein  diets.  The  control  diets 
gave  higher  incidence  of  caries  of  a  more  severe  nature  than  did  any  of  the 
casein  diets. 
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MICROSTRUCTURE  OF  THE  HUMAN  TOOTH* 

A.  The  Dentinoenamel  Junction 

F.  L,  L08EE,  D.D.S.,  M.S.,  W.  H.  JENNINGS,  B.S.,  M.  E.  LAWSON,  JR.,  AND 
A.  F.  FORZIATI,  Ph.D. 

Naval  Medical  Besearch  Institute,  Bethesda,  Md.,  and  National  Bureau  of  Standards,  Division 
of  the  Council  on  Dental  Besearch  of  the  American  Dental  Association,  Washington,  D.  C. 

IT  IS  difficult  to  define  precisely  the  region  of  junction  between  dentin  and 
enamel.  This  area  has  been  regarded  as  one  which  was  rich  in  organic  ma¬ 
terial,  and  it  has  been  shown  to  be  involved  in  the  lateral  and  retrograde  spread 
of  the  carious  process.  Elaboration  on  these  two  points  is  liable  to  controversy 
over  the  exact  path  followed  by  the  carious  attack  upon  reaching  the  dentino¬ 
enamel  junction. 

This  study  is  presented  as  a  review  and  an  analysis  of  the  dentinoenamel 
junction  correlating  previous  observations  with  current  optical  technics. 

REVIEW  OF  THE  LITERATURE 

The  nature  of  the  union  between  epiblastic  (enamel)  and  mesoblastic  (den¬ 
tin)  tissue  led  PickerilU  to  assert  that  little  if  any  continuity  between  enamel 
and  dentin  was  probable.  He  stated,  ‘  ‘  The  actual  substance  uniting  enamel  and 
dentin  must  be  a  feeble  gluelike  substance,  such  as  collagen,  because  it  is  rap¬ 
idly  destroyed  by  heat  of  150°  C.  for  two  minutes.” 

A  thin  zone  between  the  enamel  and  the  dentin  which  did  not  take  up 
stain  as  readily  as  adjacent  tissues  was  described  by  Bodecker.*  He  also  ob¬ 
served  enamel  prism  sheaths  to  pass  through  this  zone  and  to  connect  with 
the  dentinal  tubules. 

An  hypothesis  for  the  development  of  the  amelodentinal  border  was  pre¬ 
sented  by  Walkhoff.®  He  proposed  that  all  phenomena  in  this  region  are  “ex¬ 
pressions  of  a  struggle  between  living  tissues  for  the  same  space.”  From  his 
observations  of  the  apex  of  a  dentinal  papilla  during  initial  enamel  forma¬ 
tion,  he  concluded  that  there  is  a  progressive  resorption  of  the  dentin  against 
which  only  the  protoplasmic  dentinal  processes  offer  resistance.  This  resorp¬ 
tion  is  not  referable  to  direct  activity  of  the  cells  as  in  the  ease  of  osteoclasts 
but  is  a  peculiar  function  of  the  newly  formed  enamel. 

Stain  permeability  studies  used  by  Leigh*  demonstrated  an  unstainable 
area  on  the  inner  surface  of  the  enamel.  Tufts  were  observed  to  pass  through 
this  area  to  the  dentin.  The  term  amelodentinal  junction  was  defined  by 
Ilopewell-Smith®  as  the  area  where  enamel  makes  a  union  with  dentin.  He 
believed  the  enamel  to  be  rigorously  unassociated  with  any  of  the  mesodermic 
elements. 

*The  opinions  or  assertions  contained  herein  are  the  private  ones  of  the  authors  and  are 
not  to  be  construed  as  offlcial  or  reflecting  the  views  of  the  Navy  Department  or  the  navai 
service  at  large. 

Received  for  publication  March  8,  1957. 
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The  existence  of  an  impermeable  membrane  separating  enamel  and  dentin 
was  demonstrated  by  Kanner,®  but  Bodecker^  repeated  the  study  and  could 
not  substantiate  the  existence  of  such  a  membrane.  The  product  of  initial 
amelogenic  activity  was  called  the  dentinoenamel  membrane  by  Saunders, 
Nuckolls,  and  Frisbie.®  They  described  it  as  a  thin  continuous  membrane  on 
the  enamel  side  of  the  basement  membrane  which  calcifies  much  like  the  in¬ 
terred  substance,  soon  after  being  laid  down.  They  stated  that  such  a  mem¬ 
brane  could  account  for  the  fact  that  the  dentinal  terminus  of  the  enamel 
rod  is  not  in  direct  contact\with  the  dentin. 

Gustafson®  compared  tne  scalloped  dentinoenamel  junction  to  the  junction 
between  epithelium  and  connective  tissue  in  the  esophagus.  He  interpreted 
this  complex  area  as  the  natural  expression  of  relations  between  epithelium 
and  the  underlying  connective  tissue.  At  the  junction  he  found  a  thin  mem¬ 
brane  whose  dimensions  and  staining  character  corresponds  to  those  of  the 
enamel  sheath. 

At  the  inner  zone  of  the  enamel.  Land'®  repoHed  a  homogeneous  area  and 
a  strip  or  layer  of  less  calcified  material  which  cements  the  enamel  matrix  to 
the  dentin. 

Transversely  cut  tooth  sections,  acid  etched  by  Scott  and  Wyckoff,"  re¬ 
vealed  a  narrow  zone  of  dentin  at  the  dentinoenamel  junction  that  appeared 
to  bo  more  resistant  to  etching  than  dentin  in  the  central  portion  of  the  tooth. 
Their  illustrations  indicate  that  this  zone  is  between  1  and  2  mm.  wide;  in 
addition,  a  thin  white  zone  can  be  observed  between  the  indicated  acid  re¬ 
sistant  dentin  and  the  enamel. 

Manley'®  observed  that  the  amelodentinar  junction  was  not  a  smooth  sur¬ 
face  but  an  irregular  surface  possessing  a  scalloped  cross  section.  Further¬ 
more,  the  tufts  arose  from  the  crests  or  points  and  were  identical  to  the  prism 
sheaths.  As  such,  the  tufts  could  be  expected  to  assist  in  the  retrograde 
spread  of  caries.  Although  his  report  contains  no  reference  to  it,  Plate  IX 
shows  a  distinct  clear  zone  in  the  junction  area. 

A  carefully  controlled  demineralization  technic  enabled  Sogannes'®  to 
observe  that  the  internal  organic  framework  of  enamel  rested  upon  a  fairly 
solid  basal  membrane.  This  membrane  often  could  be  removed  intact  from 
the  demineralized  specimen  and  it  appeared  to  be  more  intimately  connected 
to  the  enamel  matrix  than  the  dentinal  matrix. 

A  dentinoenamel  cuticle  present  in  the  adult  tooth  is  in  part  responsible 
for  the  retrograde  spread  of  caries  in  the  enamel  before  the  dentin  becomes 
infected,  according  to  Villa,'*  who  proposed  that  this  cuticle  is  more  resistant 
to  caries  attack  than  the  enamel  matrix,  and  pointed  out  the  difficulties  in 
demonstrating  the  cuticle  in  mineralized  sections. 

Demineralized  sections  and  color  photomicrography  were  utilized  by 
Land'®  to  demonstrate  a  dei  'inoenamel  membrane.  Fig.  5  of  his  report  illus¬ 
trates  its  similarity  to  the  basal  membrane  of  Sogannes.'®  Fig.  6  of  the  same 
report  demonstrates  the  lateral  dispersal  of  the  carious  attack  which  is  ap¬ 
parently  due  to  the  resistance  of  the  membrane  and  results  in  a  diminished  at¬ 
tack  on  the  adjacent  dentin. 
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Bartelstone^*  and  Wainwright,^^  using  surface  applications  of  radioiodine, 
demonstrated  diffuse  penetration  patterns  throughout  sound  enamel.  At  the 
dentinoenamel  junction,  however,  high  concentrations  of  the  isotope  were 
found. 

Microradiographic  technics  employed  by  Engfeldt,  Bergman,  and  Ham- 
marlund-Essler**  yield  accurate  information  concerning  the  mineral  salt  con¬ 
tent  of  hard  tissues.  They  found  that  there  is  an  area  of  relatively  low  min¬ 
eralization  along  the  dentinoenamel  junction  where  the  mineral  content  de¬ 
creases  in  the  direetion  of  the  enamel.  There  is  also  a  thin  zone  of  quite  high 
mineralization  at  the  innermost  part  of  the  enamel.  This  hypermineralized 
zone  appears  to  be  between  25  and  30  microns  thick  although  its  true  dimen¬ 
sion  may  be  less,  due  to  the  error  induced  by  the  phenomena  of  penumbra. 
They  also  found  the  interprismatic  substance  to  be  less  mineralized  than  the 
prismatic.  These  reported  observations,  corroborated  by  current  optical  tech¬ 
nics,  will  be  of  value  in  the  interpretation  of  observations  in  this  area. 

EXPERIMENTAL  PROCEDURE 

One  hundred  caries-free  third  molars  from  males  between  the  ages  of  18 
and  25  were  longitudinally  cut  to  serial  mineralized  sections  120  microns  thick. 
The  cutting  was  done  under  running  water  with  a  jeweler’s  slotting  saw  driven 
at  640  revolutions  per  minute.  Randomly  chosen  sections  were  reduced  to 
about  40  microns  by  wet  grinding  on  a  roughened  glass  slab^“  in  order  to  be 
satisfactory  for  microradiography.  Further  grinding  by  hand  reduced  the 
sections  to  the  20-micron  thickness  required  for  the  ultraviolet  absorption  technic. 

Polarized  light  photographs  were  made  with  a  standard  polarizing  micro¬ 
scope  with  Nicol  prisms  crossed.  To  obtain  greater  contrast  the  specimens  were 
mounted  in  water.  Fluorophotographs  were  made  by  exposing  the  specimens  to 
ultraviolet  radiation  with  a  wave  length  of  365  millimicrons  and  photographing 
them  using  the  light  emitted.*^  Microradiographs  were  made  by  a  simplified 
technic  of  Istock,  Miller,  and  Losee  using  a  Grenz  Ray  generator  with  a  tungsten 
target  and  a  nickel  window.  GH  type  emulsions  such  as  Eastman  Kodak  548 
and  649  were  exposed  for  30  to  60  minutes  and  the  processed  plates  then  photo- 
micrographed  by  standard  procedures.  Magnifications  up  to  500  diameters 
have  been  obtained.*- 

The  absorption  photomicrographs  were  made  by  the  color  translating  ultra¬ 
violet  microscope  at  a  wave  length  of  281  millimicrons.*®’  ** 

RESULTS 

The  lateral  spread  of  caries  at  the  dentinal  enamel  junction  (Fig.  1)  is  a 
good  example  of  the  peculiar  nature  of  this  region.  Upon  reaching  the  junction 
the  carious  process  disperses  laterally  and  then  begins  a  retrograde  activity.*^’ 
Finally,  the  dentin  may  become  involved  but  only  after  considerable  degradation 
of  the  inner  enamel.  The  lateral  dispersal  of  the  carious  process  may  be  ex¬ 
plained  by  one  or  both  of  the  following  mechanisms:  (1)  The  process  is  con¬ 
fronted  with  a  barrier  at  the  dentinoenamel  junction  and  considerable  time  is 
required  to  penetrate  it  and  pass  through  to  the  dentin.  (2)  The  process  breaks 
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into  a  natural  channel  along  the  dentinoenamel  junction  in  which  it  finds  little 
resistance  to  its  progress  compared  to  continuation  in  its  initial  direction.  The 
concept  that  both  may  serve  as  mechanisms  simultaneously  suggests  that  a 
series  of  layers  or  zones  of  different  compositions  occupy  the  junction  space. 

The  layer  pointed  out  by  Pickerill^  is  seen  in  a  modified  preparation  (Fig. 
2).  A  section  was  treated  with  ethylenediamine  to  remove  the  organic  material 
from  the  dentin.  When  heated  to  150°  C.  for  2  minutes  the  dentin  exhibits  no 
carbonizing,  an  indication  of  successful  extraction.  The  enamel,  with  organic 
matter  still  present,  shows  charring  in  its  deeper  parts  and  especially  along  the 
enamel  side  of  the  dentinoenamel  junction.  These  irregular  patterns  of  car¬ 
bonization  reveal  the  heterogeneous  nature  of  the  enamel. 

The  nonuniformity  of  composition  gives  rise  to  the  sharp  contrast  in  fluores¬ 
cent  properties  of  various  areas  in  the  enamel  (Fig.  3).  The  buccal-lingual  sec¬ 
tion  in  the  fluoromacrograph  contains  a  broad  band  of  highly  fluorescent  mat¬ 
ter  just  above  the  dentin  and  another  broad  band  with  a  lesser  fluorescence 
along  the  outer  edge  of  the  enamel.  In  addition,  discrete  structures  may  be 
seen  because  of  their  relatively  high  fluorescence.  It  is  the  very  complexity  of 
the  enamel  which  lends  itself  to  a  study  by  a  correlated  battery  of  optical  tech¬ 
nics;  for  the  information  obtained  by  one  method  finds  its  interpretation  in  one 
or  more  of  the  others.  For  instance,  what  is  the  significance  of  fluorescence  in 
the  enamel  structure? 

In  a  medium-power  photomicrograph  (Fig.  4)  the  brightly  fluorescing 
structures  in  the  junction  area  are  seen  to  be  tufts  or  whorls.  By  polarized 
light  (Fig.  5),  these  tufts  appear  to  possess  the  same  birefringence  as  the  den¬ 
tinal  tubules;  this  would  suggest  that  the. tufts  like  these  tubules  are  composed 
primarily  of  organic  material.^^  A  microradiograph  of  a  group  of  tufts  (Fig. 
6)  shows  that  the  entire  area  is  comparatively  poor  in  mineral  salts  and  that 
the  tuft  itself  has  very  little  mineral  content.  Thus,  it  is  not  surprising  that 
they  remain  intact  after  careful  demineralization  (Fig.  7).^^  In  some  cases, 
their  morphology  is  so  little  changed  that  the  mineral  content  must  have  been 
quite  small  if  any.  This  evidence  firmly  establishes  the  tuft  as  a  primarily  or¬ 
ganic  structure  and  comparison  with  adjacent  enamel  areas  demonstrates  that 
fluorescence  is  indicative  of  the  presence  of  organic  material. 

The  thin  zone  of  high  mineralization  at  the  innermost  part  of  the  enamel, 
reported  by  Engfeldt,  Bergman,  and  Hammarlund-Essler,^®  appears  to  explain 
the  description  by  early  investigators  of  ‘  ‘  unstained,  ”  “  impenetrable,  ”  “  homo¬ 
geneous,”  or  “clear”  layers  in  this  region.  Fluorophotograhy  emphasizes  the 
border  between  the  enamel  and  the  dentin  (Fig.  3).  At  greater  magnification 
(Fig.  4),  this  border  is  seen  to  be  a  narrow  zone  which  possesses  little  or  no 
fluorescence.  Ordinary  polarization  technics  usually  distinguish  a  zone  of  differ¬ 
ent  birefringence  immediately  adjacent  to  the  dentin  if  a  sufficiently  thick  speci¬ 
men  is  used  (Fig.  5).  Microradiographs  of  this  same  area  (Fig.  6),  made  in  this 
laboratory,  substantiate  Engfeldt ’s  report  of  a  hypermineralized  zone.  The  25 
to  30-micron  depth  of  the  zone  given  by  Engfeldt  is  easily  verified  in  Fig.  8,  a 
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high  magnification  fluoromierograph  of  the  central  area  of  Fig.  4.  The  non¬ 
fluorescing  zone  when  compared  with  the  distance  between  the  rod  sheaths  will 
vary  between  20  and  30  microns.  Further  investigation  by  ultraviolet  absorp¬ 
tion  technics  reveals  a  highly  transmissive  space  separating  dentin  from  enamel, 
measuring  about  30  microns  in  width  (Fig.  9).  This  area  contains  almost  no 
organic  ultraviolet  absorbing  material.  The  presence  of  a  hypermineralized  zone 
at  this  position  is  thus  demonstrated  by  each  of  the  4  modes  of  investigation. 


Fig:.  1. — Lateral  and  retrograde  spread  of  caries  as  seen  In  a  partially  demineralised 
section.  E,  Snamel.  D,  Dentin.  (Orig.  mag.  X200. ) 

Pig.  2. — ^An  ethylene-diamlne-treated  section  after  heating  to  150*  C.  for  2  minutes. 
Charring  along  the  dentlnoenamel  Junction  indicates  that  organic  material  is  still  present 
in  this  region.  (Orlg.  mag.  x20.) 

Pig.  3. — Pluoromacrograph.  The  nonuniformity  of  composition  of  the  enamel.  (Orlg. 
mag.  X16.) 

Pig.  4. — Fluoromierograph.  A  group  of  tufts  and  the  nonfluorescing  zone  along  the 

Junction.  Region  O  represents  a  discontinuity  of  the  nonfluorescing  zone.  (Orig.  mag.  x80.) 


The  decalcification  technics  of  Sogannes,^®  Land®®  (Fig.  7),  and  others  led 
to  the  discovery  of  an  extremely  fine  structure  which  if  not  ruptured  could  be 
seen  to  pull  away  from  the  dentlnoenamel  junction  and  would  remain  intact 
with  the  nearly  transparent  enamel  matrix.  This  structure  has  been  designated 
the  dentlnoenamel  membrane  or  cuticle. 
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In  the  fluorophotoinacrograph  (Fig.  3),  a  highly  fluorescing  band  is  seen 
above  nearly  all  parts  of  the  junction.  By  polarized  light  (Fig.  5),  the  region 
above  the  hypermineralized  layer  exhibits  a  birefringence  characteristic  of  the 
dentinal  tubules  or  the  rod  sheaths  and  it  appears  to  be  somewhat  thicker 
than  the  underlying  zone.  The  microradiograph  (Fig.  6),  as  pointed  out  pre¬ 
viously,  reveals  an  area  relatively  poor  in  mineral  salts  above  the  mineralized  zone. 


Fig.  5.  Fig.  6. 


Fig.  7.  Fig.  8. 


Fig.  5. — Polarized  light.  P,  3  tubules  at  the  junction  which  appear  to  be  aligrned  with 
particular  elements  of  the  tuft’s  fibrillar  root.  E,  Enamel.  D,  Dentin.  (Orlg.  mag.  x600.) 

Fig.  6. — Microradiograph.  T,  Enamel  tufts  are  radlolucent  In  contrast  to  Q,  a  zone  of 
high  mineral  content  adjacent  to  the  dentin.  (Orig.  mag.  X400.) 

Fig.  7 — The  organic  nature  of  the  tuft  and  the  dentlnoenamel  membrane  is  graphically 
demonstrated  in  a  slide  of  a  demineralized  section  contributed  by  Land.”  A,  Enamel  tuft. 
B,  Dentlnoenamel  membrane.  C,  Dentin.  (Orlg.  mag.  X500. ) 

Fig.  8. — Fluoromicrograph.  The  central  area  of  Fig.  4.  The  nonfiuorescing  zone  at 
the  junction  is  penetrated  by  the  highly  fiuoresclng  fibrillar  roots  of  the  tufts.  E,  Enamel. 
D,  Dentin.  (Orlg.  mag.  x500.) 


In  Fig.  8,  an  intensely  fluorescing  area  appears  just  above  the  nonfluorescing 
zone.  This  fluorescence  emanates  from  the  rod  sheaths  which  also  exhibit  a 
strong  ultraviolet  absorption  (Fig.  9).  This  absorption  appears  to  decrease 
toward  the  center  of  the  rods.  The  content  of  absorbing  components  is  quite 
high,  in  fact  somewhat  greater  than  the  dentin  below  the  bifurcation  of  the 
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dentinal  tubules.  Relatively  high  organic  content  and  hypomineralization  thus 
characterize  a  broad  zone  immediately  superficial  to  the  zone  of  hypermineraliza¬ 
tion. 

The  hypermineralized  zone  as  shown  by  its  lack  of  fiuorescence  is  seen  to  be 
abruptly  discontinuous  in  Fig.  4.  A  fluoromicrograph  (Fig.  10)  also  illustrates 


Fig.  9.  Fig.  10. 


Fig.  11.  Fig.  12. 


Fig.  9. — ITitravioiet  absorption.  R,  The  highly  transmissive  space,  separating  dentin 
and  enamel.  S,  Enamel  rod.  T,  A  thin,  highly  absorbent  layer  at  the  terminations  of  the 
tubules.  (Orig.  mag.  X  1,000.) 

Fig.  10. — Fluoromicrograph.  The  discontinuity  in  the  nonfluorescing  zone  of  Fig.  4. 
(Orig.  mag.  X200.) 

Fig.  11. — Ultraviolet  absorption.  A  discontinuity  in  the  highly  transmissive  zone.  T, 
The  highly  absorbent  layer  at  the  terminations  of  the  tubules.  (Orig.  mag.  xl.OOO. ) 

Fig.  12. — Fluoromicrograph.  T,  An  emphasized  zone  along  the  roots  of  the  tufts. 

(Orig.  mag.  X450.) 

the  discontinuity  of  this  zone.  Although  distinct  on  one  side  of  the  tuft,  the 
zone  appears  very  diffuse  on  the  other  side.  This  type  of  transition  area  is  also 
seen  in  an  absorption  photomicrograph  (Fig.  11).  On  one  side  of  the  tuft 
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there  is  a  distinct  zone  of  low  absorption;  on  the  other  there  appears  to  be  a 
continuation  of  the  area  of  high  absorption  down  to  the  dentin  proper. 

The  dentin  and  enamel  have  frequently  been  considered  as  two  discrete 
structures  cemented  together  by  some  type  of  organic  gluc.^  Land*®  reported  a 
strip  of  less  calcified  material  which  he  proposed  was  such  a  substance.  Ab¬ 
sorption  photomicrographs  (Figs.  9  and  11)  reveal  a  distinct  layer  of  highly 


Fig.  13.  Fig.  14. 


Fig.  15.  Fig.  16. 

Fig.  13. — Polarized  light.  V,  Cross  striations  on  the  body  of  the  rods  indicate  that  the 
tuft  is  representative  of  interrod  material  rather  than  the  rods.  (Orig.  mag.  x800.) 

Fig.  14. — Fluoromicrograph.  V,  A  tubule  which  becomes  identifled  with  the  fibrillar 
roots  of  the  tuft,  T.  (Orig.  mag.  XloO.)  ^  ^ 

Fig.  15. — Polarized  light.  W,  An  eiement  of  the  tuft  which  crosses  the  Junction  and 
becomes  identified  with  a  bifurcated  tubule.  Again  the  fibrillar  nature  of  the  tuft  root  is 
shown.  (Orig.  mag.  Xl.lOO.) 

Fig.  16. — Ultraviolet  absorption.  X,  A  bifurcated  tubule  connecting  with  the  tuft  root. 
Y,  Spindle.  Z.  Two  S-shaped  tubules,  one  of  which  becomes  continuous  with  the  Interred 
material.  Notice  the  generalized  lack  of  continuity  of  the  interred  material  across  the 
highly  transmissive  zone.  (Orig.  mag.  Xl.OOO.) 


absorbent  material  precisely  at  the  terminations  of  the  dentinal  tubules.  This 
layer  follows  an  irregular  course  and  has  about  the  same  thickness  as  a  tubule.® 
This  second  zone  of  high  absorption  can  be  seen  in  some  fluoromicrographs  (Fig. 
12)  and  will  appear  emphasized  at  the  root  of  a  tuft. 
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Of  the  several  structures  which  are  found  in  the  area  of  the  dentinoenamel 
junction,  one  of  those  most  frequently  observed  is  the  tuft  or  whorl.  Fig.  4 
shows  a  series  of  tufts  originating  at  the  junction  and  extending,  in  a  typical 
serpentine  fashion,  for  some  distance  into  the  enamel.  At  the  site  of  the  most 
intense  fluorescence,  two  prominent  structures  are  seen  penetrating  the  well- 
defined  hypermineralized  zone.  Structures  of  this  type  are  shown  to  be  tufts 
by  microradiography  (Fig.  6).  The  identity  of  the  tuft  with  the  rod  sheaths 
as  proposed  by  Manley^®  is  demonstrated  by  high  magnification  imder  imlarized 
light.  In  Fig.  5  the  tufts  are  distinguished  as  groupings  of  prominent  rod 
sheaths  or  perhaps  more  correctly,  materials  between  the  enamel  rods.  Many 
of  these  are  continuous  across  the  mineralized  zone  to  the  dentin.  Fig.  13 
definitely  substantiates  Manley’s  thesis,  since  the  cross  striations  of  the  body 
of  the  rod  can  be  seen  between  the  dark  elements.  Fluoromicrography  also  illus¬ 
trates  the  “sheath”  composition  of  the  tufts  (Figs.  8  and  10),  for  here  the 
“sheaths”  are  often  highly  fluorescent  compared  to  adjacent  nontuft  “sheaths.” 
Again  the  penetration  of  the  mineralized  zone  can  be  seen  and  now  the  fibrillar 
nature  of  the  tuft  root  is  revealed. 

The  base  of  the  tuft  rests  on  the  dentin  and  there  are  indications  of  a  more 
intimate  relationship  with  the  dentin.  Certain  elements  of  the  tuft  roots  as 
shown  by  polarized  light  (Fig.  5)  appear  to  be  aligned  with  particular  bifurca¬ 
tions  of  the  dentinal  tubules.  The  high  magnification  of  Fig.  14  clearly  shows 
one  element  of  a  bifurcated  tubule  extending  beyond  the  normal  dentin  where 
it  becomes  identified  with  an  element  of  the  tuft  and  continues  on  into  the 
enamel.  The  fluorescent  characteristics  of  some  of  these  continuous  tubules  en¬ 
able  them  to  be  traced  from  well  within  the  dentin  to  the  point  where  they  be¬ 
come  elements  of  the  tuft’s  fibrillar  roots  (Fig.  15).  The  continuity  of  one 
of  the  slender  bifurcations  with  the  highly  absorbing  tuft  root  is  seen  again  in 
Fig.  16.  The  tuft  is  comjmsed  of  groups  of  rod  “sheaths”  relatively  rich  in 
organic  material  and  as  such  is  an  enamel  structure;  however,  the  fibrillar  root 
of  the  tuft  does  not  lie  in  the  well-defined  enamel  and  is  intimately  related  to 
tlie  bifurcations  of  the  dentinal  tubules. 

The  enamel  defined  by  the  regular  pattern  of  the  rods  vanishes  in  the  hyper¬ 
mineralized  zone.  As  they  enter  this  zone  (Fig.  9),  the  rod  “sheaths”  dwindle 
to  a  tenuous  thread  and  most  of  them  are  undistinguishable  at  the  center  of 
the  area.  Fig.  16  exhibits  areas  where  the  “sheaths”  remain  very  sharply  de¬ 
fined  up  to  10  or  15  microns  into  the  zone.  Where  the  tenuous  continuations  of 
the  “sheaths”  can  be  traced  through  the  zone  they  terminate  in  a  diffusely 
absorbing  area  which  lies  just  above  the  second  or  the  thin  hypomineralized  zone 
(Fig.  9).  To  one  side  of  the  tuft,  in  Fig.  16,  a  spindle  can  be  seen  with  its 
characteristic  angle  to  the  course  of  the  rods.  On  the  other  side  two  tubules 
extend  in  S  shapes  toward  the  enamel  and  one  becomes  continuous  with  a  rod 
“sheath.” 

In  general,  the  organic  microstructure  of  the  dentinoenamel  junction  and 
the  adjoining  inner  enamel  is  a  function  of  the  interred  material  but  within  the 
hypermineralized  zone  bifurcations  of  the  dentinal  tubules  can  unite  with  the 
interred  structure. 
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SUMMARY 

The  literature  concerning  the  dentinoenamel  junction  is  reviewed  and  a 
study  of  the  structure  of  tliis  region  by  polarization,  fluorescence,  microradio- 
graphic,  and  ultraviolet  absorption  technics  is  presented. 

Adjacent  to  the  dentin  at  the  dentinoenamel  junction,  low  fluorescence, 
radiopacity,  a  characteristic  birefringence,  and  low  ultraviolet  absorption  demon¬ 
strate  a  hypermineralized  zone  20  to  30  microns  thick.  This  zone  generally  can¬ 
not  be  seen  as  a  regular,  continuous  structure. 

Adjacent  to  the  hypermineralized  zone  in  the  enamel,  intense  fluorescence,  . 
radiolueency,  and  high  ultraviolet  absorption  characterize  a  broad  zone  of  hypo- 
mineralization. 

At  the  terminations  of  the  dentinal  tubules  a  very  thin,  strongly  ultraviolet 
absorbing  layer  is  found. 

The  tuft  or  whorl  is  seen  to  be  composed  of  groupings  of  interrod  material 
or  rod  “sheaths.”  The  base  of  the  tuft  is  fibrillar  and  elements  of  it  are  in¬ 
timately  related  to  the  terminal  bifurcations  of  the  tubules. 

Most  of  the  rod  “sheaths”  are  discontinuous  in  the  hypermineralized  zone 
although  in  a  few  cases  continuity  with  dentinal  elements  occurs. 

The  authors  wish  to  express  their  appreciation  to  J.  I.  Istock,  HMC,  USN,  Naval  Medical 
Research  Institute,  for  developing  the  microradiographic  techniques  utilized  in  this  investiga¬ 
tion,  and  to  D.  O’Connor,  DT2,  USN,  Naval  Medical  Research  Institute,  for  assistance  with 
the  ultraviolet  absorption  technics.  The  contribution  of  Fig.  7  by  Dr.  Melvin  Land,  Dallas, 
Texas,  is  gratefully  acknowledged. 
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A  SOCIAL  FACTOR  ASSOCIATED  WITH  THE  SEVERITY  OF 
PERIODONTAL  DISEASE 
A.  L.  BUSSELL 

National  Institute  of  Dental  Besearch,  National  Institutes  of  Health,  Public  Health  Service, 
U.  S.  Department  of  Health,  Education  and  Welfare,  Bethesda,  Md. 

The  preceding  paper  in  this  series  described  the  prevalence  and  severity 
of  periodontal  disease  in  3,880  teen-age  rural  children  of  25  Indiana  counties.^ 
These  children  were  studied  in  an  attempt  to  determine  whether  there  might  be 
differences  in  their  periodontal  status,  as  compared  with  that  of  urban  children, 
due  uniquely  to  rural  residence.  While  rural  scores  were  significantly  higher 
than  those  previously  reported  for  urban  groups,^  it  was  found  that  scoring 
seemed  to  be  associated  with  social  and  economic  differences  between  the  coun¬ 
ties  themselves,  and  it  w^as  concluded  that  the  evidence  as  presented  did  not 
warrant  the  conclusion  that  rural  residence  per  se  was  a  factor  influencing  either 
the  prevalence  or  the  severity  of  periodontal  disease  in  children. 

The  present  paper  presents  analyses  of  these  and  of  additional  data  which 
indicate  that  the  severity  (but  not  necessarily  the  prevalence)  of  periodontal 
disease  is  closely  associated  with  an  unknown  social  factor,  indicated  by  the 
general  educational  background  of  the  community  or  of  the  individual. 

THE  INDIANA  DATA 

The  previous  analysis  of  the  Indiana  data  was  based  on  mean  county  scores 
for  the  2,986  children,  aged  10  to  14  years,  compared  with  census  data  for  1950. 
Among  the  several  difficulties  inherent  in  this  method,  one  of  the  most  serious 
was  an  obvious  representational  bias — the  fewer  the  children  examined  from 
the  total  number  resident  in  a  county,  the  more  they  tended  to  be  free  of 
disease.^  The  present  analysis  is  based  upon  individual  scores  rather  than 
upon  county  means. 

As  a  preliminary  step,  a  frequency  distribution  of  scores  was  set  up  and 
mean  residence  characteristics  w'ere  determined  for  the  group  of  children  scored 
at  each  step  in  the  scale,  which  ran  from  zero  to  1.8  in  increments  of  tenths  of 
a  unit.  This  effectively  eliminated  bias  due  to  unequal  representation  by  county  ; 
the  coefficient  of  correlation  between  scores  and  mean  percentages  of  children 
examined  dropped  to  -.07  ±  ,25. 

On  inspection  it  was  apparent  that  there  were  no  differences  between  chil¬ 
dren  with  negative  and  with  positive  scores  so  far  as  this  array  of  social  and 
economic  factors  is  concerned.  Mean  findings  for  this  dichotomy  are  shown  in 
Table  I.  None  of  the  differences  shown  has  either  statistical  or  practical  im¬ 
portance. 

Received  for  publication  Jan.  20,  1967 ;  revised  by  the  author  June  21,  1957. 
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Table  I 

Social  and  Economic  Conditions  in  the  Counties  or  Residence,  Indiana  Rural  Chilmien, 
Aged  10-14  Years,  in  1955,  for  Individuals  With  Negative  and  With  Positive 

Periodontal  Scores 


MEAN  VALUE  FOR 

CHILDREN  WITH 
NEGATIVE  SCORES 

(2089) 

CHILIMIEN  WITH 
POSITIVE  SCORES 

(897) 

number  of  school  years  completed  by 
farm  and  nonfarm  persons  25  years  of  age  or 
in  county 

rural 

older 

9.54 

9.51 

Per  cent  of  county  residents  classified  as  rural 

54.2 

53.0 

Median  income  per  rural  family 

$2411 

$2442 

Number  of  dentists  per  100,000  persons  in  county 

47 

47 

On  the  other  hand,  each  of  the  4  social  and  economic  characteristics  seemed 
to  be  associated  with  the  severity  of  disease  when  present.  As  the  scores  in¬ 
creased  the  mean  percentages  of  population  classified  as  rural  tended  to  rise, 
and  means  for  schooling,  income,  and  dentists  per  capita  tended  to  drop.  The 
4  factors  themselves  were  intimately  interrelated;  the  lowest  coefficient  of  cor¬ 
relation  between  any  2  was  4-.69.  Hence  the  data  were  analyzed  by  multiple 
correlation  technics^  with  the  result  shown  in  Table  II.* 


Table  II 

Results  of  Multiple  Correlation,  Periodontal  Scores  of  Indiana  Rural  Children  With 
Positive  Disease,  With  Characteristics  of  the  County  in  Which  the  Child  Resided 


MULTIPLE  REGRESSION 


source  of  variation  I  DEGREES  OF  FREEDOM  |  SUM  OF  SQUARES  |  MEAN  SQUARE 
Multiple  regression  4  119.4920  29.87308 

Random  variation  892  3448.5077  3.86604 

Totals  3567.9997 


F  =  7.727 _ 

PARTIAL  REGRESSIoi^ 


P  =  <.001 


I  t VALUE  I  P 

Periodontal  scores  against: 

Median  school  years,  rural  persons  25  years  or  older  in  county  2.805  .001 

Per  cent  of  county  residents  classified  as  rural  .003  .90 

Median  income  of  rural  family  1.100  .25 

Number  of  dentists  per  100,000  persons  .168  .85 


As  the  F  value  for  the  multiple  regression  indicates,  these  4  factors,  taken 
simultaneously,  account  for  nearly  all  of  the  variations  in  scoring  observed 
in  individual  children.  The  probability  values  for  the  several  partial  regres¬ 
sions  show  that,  with  the  other  3  factors  held  constant,  only  county  levels  of 
education  are  associated  with  scores.  This  relation  is  inverse;  the  higher  the 
general  level  of  education  in  rural  adults  of  the  county  where  the  child  lived, 
the  less  severe  was  periodontal  disease  in  his  mouth,  if  disease  was  present  at 
all.  The  disappearance  of  other  factors  as  influences  of  consequence  would  sug¬ 
gest  that  the  essential  determinant  is  social  rather  than  economic,  and  sup¬ 
ports  the  previous  conclusion  that  no  relation  between  the  severity  of  periodontal 
disease  and  rural  life  as  such  is  demonstrated  by  these  data. 

'Actual  computations  were  carried  by  the  "added  column"  method  as  taught  by 
Dr.  John  Smith  of  American  University. 


924 


RUSSELL 


J.  D.  R«. 
December,  1 95  7 


Despite  the  straight-forward  result  of  this  analysis,  it  has  serious  deficien¬ 
cies.  Census  findings  used  w^ere  5  yeai’s  old  at  the  time  of  examination,  and 
it  was  necessaiy  to  assume  that  the  median  for  his  county  represented  the  true 
personal  background  of  each  of  the  897  children  included  in  the  analysis. 

The  number  of  years  of  school  completed  by  each  individual  had  been  ascer¬ 
tained  for  2  groups  previously  examined — adults  in  Boulder  and  in  Colorado 
Springs,  Colorado.  Their  findings  were,  accordingly,  re-analyzed  in  parallel 
fashion,  but  utilizing  direct  rather  than  presumptive  evidence  as  to  education. 

DIRECT  EVIDENCE 

Dental  caries  findings  have  previously  been  reported  for  native  adults,  aged 
20  to  44  years,  in  these  cities.^  Since  no  periodontal  differences  between  native 
and  non-native  persons  appeared  in  either  population,  the  present  analyses  are 
based  upon  all  persons  examined  in  each  community.  In  addition  to  increasing 
the  size  of  the  samples,  this  had  the  effect  of  expanding  the  age  ranges  from 
20  to  44  years  to  13  to  67  years  at  Boulder,  and  to  15  to  71  years  at  Colorado 
Springs.  The  independent  variables  examined  were  age  of  the  individual,  and 
the  number  of  years  of  formal  schooling  completed  by  him.  While  disease 
was  significantly  more  prevalent  in  Boulder  than  in  Colorado  Springs  (with  62 
per  cent  and  46  per  cent,  respectively,  of  the  individuals  examined  showing  posi¬ 
tive  evidence  of  disease),  there  was  little  difference  in  schooling  between  per¬ 
sons  with  negative  and  persons  with  positive  scores  in  either  city.*  As  with 
the  Indiana  data,  the  analyses  were  based  on  persons  with  definite  signs  of 
disease.  Results  arc  shown  in  Table  III  and  in  Table  IV. 

Table  III 

Results  of  Multiple  Coeeelation,  Periodontal  Scores  or  Boulder,  Colorado,  Adults 

With  Positive  Disease,  With  the  Number  or  Years  or  School  Completed  by  the 
Individual,  and  His  Age 


MULTIPLE  REGRESSION 

SOURCE  OF  VARIATION  |  DEGREES  OF  FREEDOM  | 

SUM  OF  SQUARES 

1  MEAN  SQUARE 

Multiple  regression 

Random  variation 

2 

108 

37.11528 

178.88472 

18.55764 

1.65634 

Totals 

110 

210.00000 

F  =  11.204 

P  = 

<.001 

PARTIAL  REGRESSIONS 

1  t VALUE  1  P 

Periodontal  scores  against: 

Age  of  the  individual 

Number  of  years  of  school  completed  by  him 

4.215  <.001 

2.310  .02 

The  111  individuals  with  positive  signs  of  disease  in  Boulder  ranged  in 
age  from  19  to  67  years.  They  had  completed  an  average  of  14.2  years  of  school¬ 
ing.  Their  scores  ranged  from  0.1  to  6.5.  In  Colorado  Springs  there  were  196 
individuals  with  positive  scores  ranging  from  0.1  to  6.7.  Their  ages  ranged  from 
20  to  52  years.  They  had  completed  an  average  of  12.4  years  of  school.  The 

•The  disease-free  groups  were,  on  the  average,  about  2  years  younger  and  had  had 
about  6  months  more  schooling  than  groups  in  which  disease  was  present.  These  differences 
were  not  significant.  When  corrected  graphically  for  age,  the  data  indicated  a  slight 
but  consistent  advantage  in  schooling  which  favored  the  disease-free  groups. 
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Table  IV 

Results  op  Multiple  Cobbelation,  Pebiodontal  Scopes  of  Colorado  Springs,  Colorado, 
Adults  With  Positive  Disease,  With  the  Number  op  Years  of  School  Completed 
BY  the  Individual,  and  His  Age 


MULTIPLE  REGRESSION 

SOURCE  OF  VARIATION  |  DEGREES  OF  FREEDOM  | 

SUM  OF  SQUARES 

1  MEAN  SQUARE 

Multiple  regression 

Random  variation 

2 

193 

41.88872 

344.11128 

20.94436 

1.78296 

Totals 

195 

386.00000 

F  =  11.749 

P  = 

<.001 

PARTIAL  REGRESSIONS 

1  t  VALUE  1  P 

Periodontal  scores  against: 

Age  of  the  individual 

Number  of  years  of  school  completed  by  him 

4.015  <.001 
2.656  .01 

two  analyses  yielded  verj’  similar  results.  In  both  groups  individual  variations 
in  scoring  were  closely  associated  with  age.  With  the  effect  of  age  held  con¬ 
stant,  there  was  a  valid,  inverse  relation  between  individual  scores  and  formal 
education  in  each  case.  The  2  factors,  in  combination,  accounted  for  nearly 
all  of  the  individual  variations  in  scores  in  each  of  the  populations. 

Both  analyses,  based  upon  direct  rather  than  upon  presumptive  evidence, 
support  the  finding  in  the  Indiana  group. 

DISCUSSION 

These  analyses  indicate  quite  clearly  that  periodontal  disease,  once  present 
in  an  individual,  is  conditioned  in  severity  by  his  social  background.  Persons 
with  the  better  educational  attainment,  or  children  in  communities  where  the 
educational  level  is  relatively  high,  tended  to  exhibit  periodontal  disease  in  the 
milder  stages.  Whether  this  is  due  to  advantages  in  nutrition,  in  professional 
dental  care,  in  personal  oral  hygiene,  or  to  some  other  reason  or  reasons,  must 
be  defined  by  further  study.  It  should  be  noted  here  that  periodontal  scores  for 
individuals  can  be  lowered  drastically  by  successful  treatment.  The  Indiana 
data  suggest  that  the  determining  factor  is  social  rather  than  economic,  and 
that  it  is  not  unique  to  urban  or  to  rural  life. 

In  each  of  these  3  study  groups,  persons  with  and  without  signs  of  disease 
were  nearly  equivalent  in  educational  background.  Disease  was  more  prevalent 
in  Boulder  than  in  Colorado  Springs,  despite  a  generally  higher  level  of  educa¬ 
tion  in  the  persons  examined  in  Boulder.*  This  suggests  that  some  or  all  of  the 
true  etiologic  factors  in  periodontal  disease  may  be  distinct  from  some  or  all 
of  the  factors  which  condition  its  severity  once  initiated.  If  this  concept  is 
valid  it  may  help  to  resolve  some  of  the  apparent  contradictions  in  current 
literature  dealing  with  periodontal  conditions. 

summary  and  conclusions 

1.  Data  for  3  independent  groups  were  analyzed  by  multiple  correlation 
technics.  In  each  case  it  was  found  that  the  severity  of  periodontal  disease. 
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if  present  in  an  individual,  was  closely  associated  with  an  undefined  social  fac¬ 
tor  which  was  measured  fairly  well  by  individual  or  by  community  levels  of 
education. 

2.  In  these  study  groups,  persons  with  and  without  signs  of  disease  were 
nearly  equivalent  in  educational  background.  This  suggests  that  some  or  all 
of  the  true  etiologic  factors  in  periodontal  disease  may  be  distinct  from  some 
or  all  of  the  factors  which  condition  its  severity  once  initiated. 
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BIOCHEMICAL  STUDIES  ON  ACUTE  INFLAMMATION 

II.  The  Effect  of  Dilantin 
BERNARD  K.  FORSCHER  AND  HELENE  C.  CECIL 
National  Institute  of  Dental  Research,  National  Institutes  of  Health,  Public  Health  Service, 
U.  S.  Department  of  Health,  Education  and  Welfare,  Bethesda,  Md. 

The  characteristic  gingival  hyperplasia  occurring  in  human  beings  who 
receive  Dilantin  (5,  5-diphenylhydantoin)  has  been  comprehensively 
described  and  reviewed  by  Ziskin,  Stowe,  and  Zegarelli,^  and  by  Staple.*  At¬ 
tempts  to  reproduce  a  similar  condition  in  laboratory  animals  have  been  un¬ 
satisfactory.®  A  striking  aspect  of  “Dilantin  hyperplasia”  is  the  fact  that  not 
all  subjects  taking  the  drug  show  the  gingival  response.*'®  Also,  it  has  been 
shown  that  the  hyperplastic  reaction  can  be  reduced  or  prevented  by  adequate 
control  of  local  oral  factors.*  It  seems  possible,  therefore,  that  Dilantin  may  not 
cause  the  hyperplasia  directly  but  may  affect  the  manner  in  which  the  tissue 
responds  to  an  external  irritant. 

The  experiment  described  in  this  report  was  designed  to  test  whether  or 
not  prolonged  oral  administration  of  Dilantin  might  change  either  the  concen¬ 
tration  of  certain  tissue  components  in  nonirritated  tissue  or  the  manner  or 
degree  in  which  these  concentrations  changed  during  the  early  stages  of  an  in¬ 
flammatory  response.  The  components  studied  were  total  tissue  water,  glycogen, 
tyrosine,  proline,  hydroxyproline,  hexosamine,  inorganic  phosphate,  acid-soluble 
phosphorus,  residue  phosphorus,  ribonucleic  acid,  and  deoxyribonucleic  acid. 

EXPERIMENTAL 

Female  Sprague-Dawley  rats,  maintained  on  Purina  lab  chow  pellets  and 
tap  water,  ad  libitum,  were  used.  One  group  was  started  shortly  after  weaning 
(mean  body  weight  50  Gm.)  and  received  Dilantin  in  water  solution*  (pH  11.5) 
by  stomach  tube  at  a  dose  of  50  mg.  per  kilogram  daily  except  week  ends.  The 
second  group  was  started  at  a  mean  body  weight  of  200  Gm.  and  received  200 
mg.  per  kilogram  Dilantin  daily  except  week  ends.  Animals  were  weighed  once 
each  week.  After  12  weeks,  an  acute  inflammatory  response  was  elicited  in  the 
antemolar  region  of  the  palates  of  the  test  animals  using  a  1.0  second  pulse  of 
radio-frequency  current  at  an  intensity  of  0.40  ampere  as  described  by  Forscher 
and  Stanley.^  Animals  were  sacrificed  by  chloroform  inhalation  before  and  at 
intervals  of  30  minutes,  4  hours,  16  hours,  30  (first  group)  or  40  (second  group) 

Presented  at  the  Thirty-flfth  Annual  Meetinsr  of  the  International  Association  for 
Dental  Research,  Atlantic  City,  N.  J.,  March  21,  1967. 

Received  for  publication  March  6,  1957. 

*5,5-Diphenylhydantoin  from  Eastman  dissolved  in  water  with  a  minimum  amount  of 
NaOH.  The  flnal  concentration  was  such  that  each  rat  received  0.05  ml.  per  10  Gm.  body 
weight.  Fresh  solutions  were  prepared  weekly. 
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hours  and  3  days  after  irritation.  The  inflamed  palates  were  removed  and  ana¬ 
lyzed  as  described  by  Forscher  and  Cecil,®  except  that  tyrosine,  hexosamine, 
proline,  and  hydroxyproline  were  determined  on  the  same  palates  used  for  deter¬ 
mination  of  total  water  content. 


RESULTS 

Effect  of  Dilantin  on  Uninftamed  Tissue. — In  Table  I  is  shown  a  comparison 
between  the  concentration  of  tissue  components  in  the  palates  of  normal  rats 
(taken  from  Forscher  and  Cecil®)  and  in  the  palates  of  rats  receiving  Dilantin 
at  2  different  dosages.  These  data  represent  the  content  of  the  tissue  before  the 
inflammatory  response.  The  values  are  given  on  a  dry-weight  basis.  The 
Fischer  “t”  test  shows  statistical  significance  at  the  0.01  level  between  dosages 
for  glycogen  and  inorganic  phosphorus  and  between  normal  and  Dilantin  ani¬ 
mals  for  glycogen  at  200  mg.  per  kilogram,  inorganic  phosphorus  at  50  mg.  per 
kilogram,  acid-soluble  phosphorus  at  50  and  200  mg.  per  kilogram,  residue 
phosphorus  at  50  mg.  per  kilogram,  and  RNA  at  50  and  200  mg.  per  kilogram. 
However,  at  this  time  the  difference  of  most  biologic  importance  would  appear 
to  be  the  marked  decrease  in  acid-soluble  phosphorus.  The  other  components 
were  close  to  or  within  normal  range  and  there  was  no  difference  due  to  the  dos¬ 
age  level. 


Table  I 

Analysis  of  Palate  Before  inflammation 
(Normal  and  Dilantin  Rats) 


COMPONENT 

NORMAL 

1  50  mg./kg. 

1  200  mg./kg. 

NO.* 

1  %  1 

S.E.t 

1  NO.* 

1  %  1 

S.E.t 

1  NO.* 

1  % 

|S.E.t 

Total  water  (a) 

18 

328 

4 

326 

4 

292 

Glycogen  (b) 

16 

.308 

+  .018 

.  6 

.300 

±.017 

4 

.209 

+  .030 

Inorganic  phosphorus  (c) 

16 

.077 

.006 

6 

.102 

.007 

4 

.076 

.006 

Acid  soluble  phosphorus  (c) 

16 

.111 

.009 

6 

.039 

.005 

4 

.035 

.011 

Residue  phosphorus  (b) 

16 

.178 

.008 

6 

.146 

.008 

4 

.152 

.013 

Total  phosphorus  (d) 

16 

.365 

.013 

6 

.288 

.013 

4 

.258 

.016 

DNA  (c) 

12 

2.44 

.12 

6 

2.67 

.22 

4 

2.05 

.18 

RNA  (c) 

12 

.820 

.037 

6 

.702 

.042 

4 

.588 

.044 

Hexosamine  (e) 

12 

.740 

.011 

4 

.702 

4 

.644 

Tyrosine  (e) 

12 

3.21 

.05 

4 

3.26 

_ 

4 

2.88 

_ 

Hydroxyproline  (e) 

12 

4.50 

.11 

4 

4.19 

_ 

4 

4.98 

_ 

Proline  (e) 

12 

7.44 

.17 

- 

— 

— 

4 

8.96 

— 

•No.  =  number  of  animals  represented. 
tS.E.  =  Standard  error  of  the  mean. 

(a)  Three  pools  of  six  palates  each  for  normals,  one  pooled  sample  for  Dilantin  animals. 

(b)  Single  analysis  on  each  palate. 

(c)  Duplicate  analyses  on  each  palate. 

(d)  By  summation. 

(e)  Duplicate  analyses  on  each  palate  for  normals,  replicate  analyses  on  pooled  samples 
for  Dilantin-treated  animals. 


Effect  of  Dilantin  on  the  Inflammatory  Response. — The  sequences  of  con¬ 
centration  changes  for  the  first  3  days  of  the  induced  inflammatory  response 
are  shown  in  Figs.  1-3.  The  curves  for  normal  rats  are  taken  from  Forscher  and 
Cecil.®  Each  point  for  each  of  the  Dilantin  curves  represents  the  mean  of  rep¬ 
licate  analyses  on  4  palates.  Except  for  total  water  and  acid-soluble  phosphorus, 
the  curves  for  animals  receiving  Dilantin  showed  no  consistent  departure  from 
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f.  1. — Changes  in  water,  DNA,  and  RNA.  Normal  animals  — A — A — I  Dilantin  50  mg./kg. 
— o — o — ;  Dilantin  200  mg./kg.  — • — • — . 
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Pig.  2. — Changes  in  phosphorus  fractions.  Normal  animals  — A — ^A — ;  Dilantin  50  mg./kg. 
— o — o — ;  Dilantin  200  mg./kg.  — • — • — . 
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the  normal.  The  increase  in  total  water,  following  the  irritating  stimulus,  was 
lower  in  the  Dilantin-treated  animals  than  in  the  normals.  The  acid-soluble 
phosphorus  fraction  did  not  show  the  characteristic  increase  which  has  been 
observed  at  this  stage  of  the  inflammatory  response  in  normal  rats. 

Representative  tissue  specimens  taken  at  the  different  time  intervals  and 
at  both  dosages  were  examined  histologically.  In  addition,  tissue  specimens 
were  examined  from  the  50  mg.  per  kilogram  group  at  5,  7,  and  14  days  following 
stimulation.  No  differences  from  normal  were  seen  in  either  the  initial  response 
phase  or  the  healing  phase  of  the  inflammatory  response  in  rats  receiving 
Dilantin.  A  detailed  description  of  the  histologic  results  in  normal  rats  has 
been  published.^ 


0>il  2  4  16  24  48  72  Oj/jl  2  4  16  24  48  72 

HOURS  HOURS 

Fig.  3. — Changes  in  hexosamine  and  amino  acids.  Normal  animals  — A — A — :  Dilantin  50 
mg./kg.  — o — o — :  Dilantin  200  mg./kg.  — • — • — . 

The  average  weekly  weight  gains,  15  Gm.  at  50  mg.  per  kilogram  and  4.4 
Gm.  at  200  mg.  per  kilogram,  of  the  experimental  animals  were  normal  for  this 
laboratory.  Therefore,  it  was  assumed  that  neither  the  eating  habits  nor  the 
general  health  of  the  animals  were  affected  adversely  by  the  Dilantin  administra¬ 
tion. 

DISCUSSION 

The  major  flnding  of  this  work,  a  marked  decrease  in  acid-soluble  phos¬ 
phorus  in  the  oral  tissue  of  Dilantin-treated  animals,  correlates  with  the  studies 
by  Staple*  showing  an  increase  in  alkaline  phosphatase  activity  in  gingival  tis¬ 
sue,  due  to  Dilantin  therapy.  An  increased  phosphatase  activity  in  the  tissue 
might  account  for  a  decrease  in  the  low  molecular  weight  organic  phosphate 
compounds  comprising  the  acid-soluble  phosphorus  fraction.  What  relation  this 
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might  have,  however,  to  the  cause  of  the  characteristic  hyperplasia  which  results 
in  human  beings  is  speculative.  More  important  is  the  fact  that  a  definite  chemi¬ 
cal  change  can  be  induced  in  an  oral  tissue  in  the  rat  by  Dilantin  therapy  with¬ 
out  gross  or  histologic  signs  of  hyperplasia.  The  work  reported  here  was  con¬ 
cerned  with  the  response  to  a  single  stimulus,  and  was  predicated  on  the  possi¬ 
bility  that  Dilantin  exerts  its  peculiar  effect  on  the  initial  stages  of  the  inflamma¬ 
tory  response.  Although  no  hyperplasia  was  seen  histologically  in  samples  from 
the  healing  phase  of  an  acute  response,  it  may  be  that  under  conditions  of 
chronic  inflammation  the  classical  clinical  and  histologic  picture  would  emerge. 

SUMMARY 

1.  An  acute  inflammatory  reaction  was  induced  in  the  antemolar  region  of 
the  palates  of  rats  receiving  oral  Dilantin  therapy  at  levels  of  50  and  200  mg. 
per  kilogram  daily.  Quantitative  chemical  analyses  of  the  tissues  were  per¬ 
formed  before  and  at  30  minutes,  4  hours,  16  hours,  30  or  40  hours,  and  3  days 
following  stimulation. 

2.  The  acid-soluble  phosphorus  fraction  was  significantly  decreased  from 
the  quantities  observed  in  normal  rats  both  before  and  during  the  inflammatory 
response.  Of  the  other  chemical  components  studied,  tyrosine,  proline,  hy- 
droxyproline,  hexosamine,  ribonucleic  acid,  deoxyribonucleic  acid,  inorganic 
phosphorus,  residue  phosphorus,  and  total  water,  no  significant  departures  from 
normal  behavior  were  observed  except  for  a  slightly  diminished  increase  in  total 
water. 

The  authors  wish  to  thank  Dr.  Harold  R.  Stanley,  Jr.,  for  the  histopathologic  evalu¬ 
ation  reported  here. 
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A  POSSIBLE  MEANS  OF  INADVERTENT  TRANSMISSION  OF 
INFECTION  TO  DENTAL  PATIENTS 

JACK  H.  NEFF  AND  S.  LEONARD  ROSENTHAL 
Temple  University  School  of  Dentistry,  Philadelphia,  Pa. 

IT  IS  common  practice  in  many  dental  offices  to  place  instruments  on  a  glass 
bracket  table  or  tray,  to  adjust  the  source  of  illumination,  and  to  mark  the 
dental  chart  or  examination  sheet  during  treatment  without  any  attempt  to 
sterilize  the  tray,  light  handles,  or  pen  between  patients.  The  purpose  of  this 
study  was  to  determine  whether  pathogenic  microorganisms  could  survive  on 
these  surfaces  long  enough  to  make  such  practices  potentially  dangerous. 

EXPERIMENTAL  PROCEDURES 

Plastic  ball  point  pens  were  issued  for  charting  the  results  of  routine  ex¬ 
aminations  in  the  oral  diagnosis  clinic.  After  2  hours  of  use,  they  were  placed 
on  a  sterile  towel  and  each  pen  was  stroked  with  a  sterile  cotton  applicator  mois¬ 
tened  with  sterile  culture  media.  A  smear  was  prepared  by  stroking  a  flamed 
glass  slide  with  the  applicator.  After  drying  in  air,  the  smear  was  stained 
with  carbol  fuchsin  and  methylene  blue  and  examined  under  an  oil  immersion 
objective.  A  second  applicator,  similarly  prepared,  was  used  to  inoculate  2  cul¬ 
ture  tubes.  The  first  contained  5  c.c.  brain-heart  infusion  broth;  the  other, 
5  c.c.  of  Brewer’s  thioglycolate  broth.  The  use  of  a  single  applicator  for  both 
smear  and  cultures  gave  similar  results,  so  this  technic  w’as  adopted  for  the  major 
part  of  the  experiment.  After  36  hours,  the  organisms  were  plated  and  identified. 

The  glass  instrument  tables  and  metal  light  handles  were  similarly  ex¬ 
amined  immediately  after  use  and  at  intervals  of  15  minutes,  30  minutes,  1 
hour,  2  hours,  3  hours,  16  hours. 

Sterilization  was  attempted  by  wiping  with  sterile  gauze  saturated  with 
70  per  cent  alcohol  and  1:1000  aqueous  solution  of  benzalkonium  chloride. 

RESULTS 

Thirty-six  pens  were  examined.  All  smears  showed  more  than  one  type 
of  organism.  The  comparative  number  and  incidence  are  shown  in  Table  I. 
As  might  be  expected,  the  spherical  forms  appeared  most  often;  the  spirochetal 
forms  the  least.  This  approximates  the  usual  findings  in  the  mouth.  The 
identity  and  incidence  are  shown  in  Table  II.  The  staphylococci  predominate. 
In  one  instance,  a  pure  culture  of  hemolytic  Staph,  albits  was  found. 

Presented  at  the  General  Meeting  of  the  International  Association  of  Dental  Research 
at  Atlantic  City,  N.  J.,  March  22,  1957. 

This  study  was  supported  in  part  by  grant  FD  106-56  of  the  National  Institutes  of  Health. 
Received  for  publication  March  20,  1957. 
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Table  I 


BACTERIAL 

FORM 

SMEARS  WITH  0  | 

SMEARS  WITH  -1- 

1  SMEARS  WITH  +  +  \ 

SMEARS  WITH  +  +  -1- 

NUMBER 

PERCENT¬ 

AGE 

NUMBER 

PERCENT¬ 

AGE 

NUMBER 

PERCENT¬ 

AGE 

NUMBER 

PERCENT¬ 

AGE 

RouikI 

0 

5 

13.9 

25 

69.5 

6 

16.6 

Rod 

10 

27.8 

24 

66.6 

2 

5.6 

Spirochetes 

28 

77.8 

8 

22.2 

Threads 

20 

55.6 

16 

44.4 

Key :  +  =  Few  ;  ++  =  Moderate ;  +++  =  Considerable  amount. 


Table  II 


NAME  OP  BACTERIA 

FREQUENCY  OF  OCCURRENCE 
(NO.  OP  CASES) 

PERCENTAGE 

Hemolytic  Staph,  albus 

22 

61.1 

Nonhemolytic  Staph,  albus 

19 

52.8 

E.  coli 

4 

11.1 

Ps.  aeruginosa 

4 

11.1 

B.  subtilis 

3 

8.9 

Strep,  viridans 

6 

16.6 

Staph,  aureus 

4 

11.1 

Cultures  of  the  metal  light  handles,  glass  instrument  table,  and  dental 
chair  arms  revealed  Staph,  albus,  hemolytic  Staph,  albus,  B.  subtilis,  and  E.  coli. 

Cultures  were  taken  from  the  glass  bracket  table  and  metallic  light  handles 
15  minutes,  30  minutes,  1  hour,  2  hours,  3  hours,  and  16  hours  after  use.  Those 
taken  up  to  and  including  the  3-hour  interval  yielded  the  same  organisms  that 
were  identified  when  the  material  was  gathered  immediately  after  use.  The 
16-hour  interval  revealed  no  pathogens. 

To  investigate  the  spirochetal  forms  more  thoroughly,  material  from  an 
acute  necrotizing  gingivitis  was  transferred  to  the  glass  table  and  light  handles 
by  means  of  a  cotton  applicator.  In  addition  to  the  stained  smear,  material  was 
removed  in  the  usual  manner  at  the  same  intervals  and  transferred  to  a  slide 
containing  a  drop  of  physiologic  saline  solution  at  37°  C.  The  preparation  was 
protected  by  a  cover  slip,  sealed  at  the  edges  with  petrolatum,  and  examined 
hy  dark  field.  Motility  of  spirochetes  and  some  bacilli  persisted  up  to  and  in¬ 
cluding  the  2-hour  specimen  although  all  contained  many  nonmotile  spirochetes. 
Stained  smears  contained  spirochetes  at  the  third  hour. 

A  simple  rapid  means  of  sterilization  seemed  desirable.  The  pens  were 
tried  first  because  they  are  made  of  a  plastic  substance  as  are  some  light  handles 
and  because  their  destruction  would  involve  no  great  expense.  Alcohol  (70  per 
cent)  attacked  the  plastic  with  consequent  roughening  and  crazing  after  a  few 
applications.  It  was  obvious  that  the  pen  would  be  destroyed  in  a  comparatively 
short  time. 

A  1 :1000  aqueous  solution  of  benzalkonium  chloride  was  applied  by  rubbing 
the  pens  for  2  minutes  with  a  sterile  2  by  2  inch  gauze  sponge,  wet  with  the 
solution.  The  pens  were  dried  with  another  sterile  sponge  and  cultures  taken. 
No  growth  was  observed  after  72  hours’  incubation.  After  numerous  trials, 
it  was  found  that  a  vigorous  rubbing  with  the  wet  sponge  for  15  seconds  was 
equally  efficacious  for  pens,  glass  tables,  and  light  handles. 


934 


NEFF  AND  ROSENTHAL 


J.  D.  Res. 
December.  IVS7 


The  question  naturally  arises  whether  some  of  the  sterilizing  solution  is 
transferred  to  the  culture  tubes  and  so  inhibits  growth.  Several  pens  were 
treated  as  above  for  15  seconds,  dried,  and  placed  in  a  sterile  container.  Cultures 
were  taken  after  24  hours.  There  was  no  growth. 

A  pen  was  allowed  to  remain  for  24  hours  in  a  test  tube  filled  with  the 
benzalkonium  chloride  solution.  There  was  no  visible  damage  to  the  plastic 
when  viewed  under  a  magnifying  lens.  The  solution  did  not  attack  the  metallic 
handles  of  the  lights  nor  the  chair  arms. 

DISCUSSION 

Dentists  operate  in  a  field  rich  in  bacterial  life  which  includes  some  patho¬ 
gens.  Whether  or  not  any  great  number  of  infections  have  been  traced  to 
dental  offices,  it  is  our  obligation  to  take  reasonable  precautions  against  such  a 
possibility. 

Since  bacteria  can  remain  viable  on  the  appurtenances  of  the  office  for  3 
hours,  and  since  the  busy  practitioner  treats  many  patients  in  that  time,  it  is 
conceivable  that  bacteria  are  transferred  from  one  individual  to  another. 

Little  time  is  consumed  by  the  dentist  or  his  assistant  wiping  the  headrest, 
chair  arms,  light  handles,  and  bracket  table  for  15  seconds  with  a  sponge  sat¬ 
urated  with  a  1:1000  aqueous  solution  of  benzalkonium  chloride.  The  cost  is 
insignificant.  If  the  light  handles  are  metallic,  nitrite  tablets  added  to  the  stock 
solution  would  prevent  rusting. 

SUMMARY 

Despite  meticulous  sterilization  of  instruments,  usually  no  attempt  is  made 
to  sterilize  other  appurtenances  of  the  dental  office  which  are  eontaminated  by 
saliva  and  microorganisms  from  the  oral  cavity. 

Plastic  pens,  glass  bracket  tables,  and  metallic  light  handles  were  examined 
by  smears  and  cultures  at  varied  intervals  after  use.  All  cultures  showed  growth. 

Examination  of  smears  disclosed  cocci,  rods,  thread  forms,  and  spirochetes 
in  that  order  of  frequency.  Cultures  yielded  hemolytic  Staph,  albus,  non¬ 
hemolytic  Staph,  alhus,  Strep,  viridens,  E.  coli,  Ps.  aeruginosa,  Staph,  aureus 
and  B.  suhtilis  in  that  order  of  frequency.  They  could  be  recovered  3  hours 
after  the  use  of  the  apparatus. 

Examination  following  application  of  saliva  from  an  acute  necrotizing  gingi¬ 
vitis  to  the  office  appurtenances  revealed  persistence  of  motility  for  2  hours. 

A  vigorous  rubbing  for  15  seconds  with  gauze  saturated  with  a  1:1000 
aqueous  solution  of  benzalkonium  chloride  will  remove  the  organisms  without 
damage  to  the  apparatus. 


VITAMIN  A  DEFICIENCY  IN  THE  HAMSTER 
JOHN  J.  SALLEY  AND  WILLIAM  F.  BRYSON 
Department  of  Pathology,  School  of  Dentistry,  Medical  College  of  Virgmict,  Eichmond,  Va, 

The  Syrian  hamster  (Cricetus  auratus)  has  steadily  taken  a  prominent  role 
as  a  laboratory  animal,^  and  it  has  been  widely  used  by  dental  research 
workers.  In  spite  of  its  more  than  25  years  of  use  in  biologic  research,  there 
are  still  important  facets  of  this  animal’s  nutritional  requirements  which  are 
not  known.  One  of  these — vitamin  A — will  be  discussed  in  this  paper, 

Routh  and  Houchin®  cited  the  need  by  the  hamster  for  thiamine,  riboflavin, 
pyridoxine,  pantothenic  acid,  and  nicotinic  acid,  all  members  of  the  B-complex 
group.  Cooperman,  Waisman,  and  Elvehjem^  extended  these  observations  to 
include  more  of  the  water  soluble  group  of  vitamins.  Hamilton  and  Hogan® 
published  a  report  relating  to  not  only  the  water  soluble  vitamins,  but  to  the 
fat  soluble  vitamins  E  and  K  as  well.  They  concluded  that  the  hamster  will 
grow  at  a  normal  rate  and  to  normal  maturation  if  the  diet  includes  thiamine, 
riboflavin,  pyrodoxine,  and  pantothenic  acid  of  the  water  soluble  group,  and 
vitamins  A,  D,  E,  and  K  of  the  fat  soluble  series.  In  the  case  of  vitamins  A 
and  D,  no  experimental  evidence  was  presented  to  substantiate  their  conclu¬ 
sions.  Jones®  has  shown  that  the  hamster,  like  the  rat,  does  not  have  a  require¬ 
ment  for  vitamin  D  provided  the  calcium-phosphorus  ratio  of  the  diet  consumed 
is  adequate.  Only  Hirschi^  has  presented  a  study  of  vitamin  A  deficiency  in  the 
hamster.  Little  information  is  presented  in  his  report  regarding  histologic  le¬ 
sions  characteristic  of  the  deficiency,  tissue  analyses  for  residual  vitamin  A  in 
the  deficient  group,  mortality  figures  or  composite  weight  curves;  and  whereas 
the  experimental  group  was  fed  a  commercially  available  synthetic  A  deficient 
diet,  the  control  group  was  maintained  on  a  nonsynthetic  ration  of  laboratory 
chow. 

In  light  of  the  paucity  of  information  available  in  the  literature  concerning 
vitamin  A  deficiency  in  the  hamster,  it  was  felt  that  such  a  study  was  indicated 
not  only  to  increase  our  knowledge  concerning  its  need  for  this  particular  vita¬ 
min,  but  also  to  devise  a  synthetic  regimen  with  which  extended  observations 
relating  to  its  daily  requirements  of  other  dietary  elements  could  be  carried  out. 

EXPERIMENTAL  PROCEDURE 

A  total  of  50  weanling  (20  days  of  age)  albino  hamsters*  from  5  separate 
litters  were  divided  into  3  littermated  groups.  The  first  consisting  of  22  animals 

This  study  was  supported  in  part  by  a  grant  from  the  A.  D.  Williams  Fund  of  the 
Medical  College  of  Virginia.  The  junior  author  was  serving  as  a  U.S.P.H.S.  Student  Research 
Fellow. 

Presented  at  the  35th  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search,  Atlantic  City,  N.  J.,  March  21-24,  1957. 

Received  for  publication  April  11,  1957. 

*Obtained  from  an  inbred  strain  maintained  at  Pee  Dee  Farms,  Driver,  Virginia. 
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was  designated  as  deficient  and  was  fed  the  following  ration  and  water  ad 


libitum : 

Vitamin-free  test  casein 

24% 

Powdered  sucrose  plus  vitamin  mixture  54 

Cottonseed  oil 

10 

Non-nutritive  fiber 

8 

Salt  mixture  U.S.P.  XIV 

4 

100% 

Vitamins  were  mixed  separately  and  combined  with  sucrose.  Vitamins  present  ' 

were : 

Choline  chloride 

400.0  mg./lOO  Gm.  of  ration 

Inositol 

250.0 

p-Aminobenzoic  acid 

100.0 

Nicotinic  acid 

5.0 

Alpha  tocopherol 

2.5 

2-Methyl-l,4-naphthaquinone 

3.0 

Calcium  pantothenate 

1.0 

Pyrodoxine  hydrochloride 

1.2 

Riboflavin 

1.6 

Thiamine  hydrochloride 

0.8 

Folic  acid 

0.5 

Vitamin 

0.006 

Viosterol 

432.0  I.U./lOO  Gm.  of  ration 

A  second  group  of  12  animals  known 

as  synthetic  diet  control  was  fed  the 

same  ration  as  outlined  above  but  were 

supplemented  weekly  with  250  I.U. 

vitamin  A  ester  in  cottonseed  oil  (total:  0.25  c.c.)  perorally.  The  third  group 
was  placed  on  a  diet  of  Purina  Laboratory  Chow,  a  ration  which  in  our  labo¬ 
ratory  has  been  considered  as  adequate  for  growth  and  maturation  of  the 
hamster.  This  latter  group  was  made  up  of  16  hamsters  and  was  included  in 

this  study  only  for  purposes  of  weight  comparisons  during  the  experimental 
period.  All  animals  were  housed  in  metal  cages  with  wire  bottoms  with  no 


more  than  2  to  a  cage.  Individual  weights  were  recorded  daily  and  plotted 
weekly. 

The  total  experimental  period  was  15  weeks  at  the  end  of  which  all  survivors 
of  the  first  group  and  animals  of  the  2  control  groups  were  sacrificed  by  chloro¬ 
form  inhalation.  Livei*s  were  removed  in  toto  and  analyzed  by  the  Carr-Price 
method  for  quantitative  determinations  of  vitamin  A.  The  right  mandible, 
tongue,  major  salivary  glands,  trachea,  lung,  spleen,  kidney,  pancreas,  and 
ovary  or  testis  were  also  removed,  formalin-fixed  and  prepared  for  histologic 
examination. 

RESULTS 

Clinical  Observations. — Fig.  1  is  a  representation  of  the  mean  weights  of 
each  group  as  plotted  weekly.  It  can  be  seen  that  all  groups  exhibited  mean 
weights  at  the  beginning  of  the  experiment  which  were  nearly  equal  (29-31  Gm.). 
With  ndnor  variations,  all  groups  advanced  together  until  the  eighth  week  where 
the  A  deficient  animals  showed  a  decided  weight  loss,  and  from  that  point  con¬ 
tinued  a  downhill  course.  Presumably  the  8-week  level  was  when  all  natural 
storage  depots  (e.g.,  liver)  of  the  animal  were  depleted  of  the  vitamin.  Both 
control  groups  continued  an  upward  trend  and  were  of  normal  weight  and  size  at 
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Fig.  1. — Composite  weight  curves  showing  mean  weights  according  to  diet  fed  each  group  for 
the  15-week  experimental  period. 


Fig.  2. — Two  littermates  to  show  over-all  size  difference.  The  hamster  on  the  left  has 
Men  on  a  vitamin  A  free  diet  for  15  weeks.  The  animai  on  the  right  received  the  same 
diet  but  was  supplemented  with  250  I.U.  of  vitamin  A  each  week. 
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the  end  of  the  experimental  period.  Fig.  2  shows  the  size  difference  between  2 
littermated  animals,  one  on  the  deficient  diet  and  the  other  on  the  synthetic  ration 
supplemented  with  vitamin  A.  Other  clinical  observations  consisted  of  xeroph¬ 
thalmia,  noted  after  6  to  7  weeks  in  all  animals  on  the  deficient  diet,  and  shaggy, 
matted  fur  in  the  deficient  group  occurring  about  the  same  time. 

Histologic  Observations. — Microscopically,  positive  findings  were  limited  to 
both  the  major  and  minor  salivary  glands,  respiratory  epithelium,  lungs, 
odontogenic  tissues  of  the  incisor  teeth  and  the  gonads.  These  findings  agree 
with  the  observations  of  Wolbach  and  Howe  in  rats  depleted  of  vitamin  A.^® 
The  most  striking  changes  both  grossly  and  histologically  were  exhibited  by 
the  salivary  glands.  At  autopsy,  a  common  gross  finding  in  the  deficient  group 
was  complete  degeneration  of  all  or  portions  of  the  major  salivary  glands  and 
replacement  by  large  saclike  structures  filled  with  purulent  materal  (Fig.  3). 


Pig.  3. — Gross  photograph  to  show  the  pus-fllled  sacs  (arrow)  which  have  replaced 
part  of  the  submaxillary  gland  of  a  vitamin  A  deficient  hamster.  The  duct  of  the  gland 
can  be  seen  arising  from  a  grossly  unaffected  portion  of  the  gland. 


A  thickened  fibrous  capsule,  presumably  a  part  of  the  original  capsule  of  the 
gland,  covered  a  large  cystic  structure  filled  with  the  products  of  suppuration. 
Fig.  4  is  a  high-power  view  of  the  wall  of  this  sac  to  show  its  lining  of  metaplastic 
stratified  squamous  epithelium  with  keratinization.  The  exudate  is  composed 
of  polymorphonuclear  leukocytes,  lymphocytes,  and  tissue  debris.  The  pa¬ 
renchyma  of  the  less  severely  affected  salivary  glands  is  seen  in  Figs.  5  and  6. 
The  former  represents  a  serous  type  gland  which  is  markedly  infiltrated  with 
inflammatory  cells  (sialadenitis).  Here  were  seen  dilated  duets  most  of  which 
exhibit  squamous  metaplasia  of  the  ductal  epithelium  with  some  of  the  smaller 
channels  containing  inspissated  secretion.  Fibrosis  was  also  a  prominent  feature 
in  these  glands.  Fig  6  is  a  photomicrograph  of  a  mucous  secreting  gland  which 
also  shows  some  sialadenitis,  but  to  a  lesser  degree  than  in  the  serous  glands. 
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Pigr.  4. — Photomlcrogrraph  of  aac  wall  seen  in  Fla.  8.  There  is  epithelial  metaplasia 
characterized  by  keratinized  stratified  squamous  epithelium  enclosing  the  products  of  sup¬ 
puration.  (Hematoxylin  and  eosin ;  x260. ) 


Fig.  5. — Photomicrograph  of  the  serous  portion  of  the  submaxillary  gland  from  a  vita¬ 
min  A  deficient  hamster.  Here  is  seen  marked  sialadenitis,  fibrosis,  and  squamous  metaplasia 
of  the  ducts.  The  ducts  are  aiso  obstructed  with  plugs  of  keratin  and  few  if  any  functional 
acini  remain.  (Hematoxylin  and  eosin;  xlOO.) 
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Pigr.  6. — A  mucous  secreting  salivary  gland.  This  shows  sialadenitis  (moderately 
severe),  squamous  metaplasia  of  the  large  ducts  with  keratotic  obstruction,  large  pools  of 
mucus,  and  atrophy  of  the  acini.  (Hematoxylin  and  eosin  ;  xlOO.) 


Fig.  7. — A  photomicrograph  which  shows  complete  replacement  of  minor  salivary  glands 
of  the  tongue  with  metaplastic  stratifled  squamous  epithelium  and  keratin  plugs.  The  smaller 
glands  at  the  left  are  In  an  earlier  state  of  degeneration.  (Hematoxylin  and  eosin;  XlOO.) 
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Several  large  cystic  areas  were  seen  which  were  lined  by  metaplastic  stratified 
squamous  epithelium  and  filled  with  a  mucoid  substance.  In  reference  to  the 
minor  or  accessory  salivary  glands,  those  at  the  posterior  dorsum  of  the  tongue 
were  studied.  Here  large  cystic  areas  were  seen  which  had  previously  undergone 
squamous  metaplasia  with  keratinization.  This  lesion  was  found  in  the  location 
of  prexisting  serous  type  glands.  An  example  of  this  lesion  is  seen  in  Fig.  7 
which  shows  complete  replacement  of  some  acini  with  keratotic  plugs  while 
other  acini  appear  to  be  in  an  earlier  state  of  degeneration. 

Respiratory  tissues  suffered  from  the  classical  changes  described  by  Wolbach 
and  Howe.^®  The  epithelial  lining  of  the  trachea  exhibited  a  change  from  the 
normal  pseudostratified  columnar  type  to  one  of  distinct  keratinized  stratified 
squamous  epithelium  as  is  seen  in  Fig.  8.  This  section  also  exhibits  compbte 
degeneration  of  the  subepithelial  mucous  glands  of  the  tracheal  wall.  The 


Ft?.  S. — A  section  of  the  tracheal  wall  of  a  vitamin  A  deficient  animal  to  show  squamous 
metaplasia  of  the  respiratory  epithelium  and  cystic  degreneration  of  the  mucous  glands  in 
the  submucosal  connective  tissue.  (Hematoxylin  and  eosin ;  XlOO.) 

lung  parenchyma  of  deficient  animals  was  characterized  by  interstitial  pneu¬ 
monia  with  some  hemorrhage  and  edema.  However,  the  bronchial  epithelium 
was  unaffected  by  the  metaplastic  change  seen  in  the  trachea.  The  odontogenic 
tissues  likewise  presented  the  changes  described  by  Wolbach  and  Howe  for 
avitaminosis  A  in  rats.  These  consisted  of  squamous  metaplasia  of  the  amelo¬ 
blastic  layer  at  the  posterior  end  of  the  incisor  teeth  as  well  as  irregular  dentin 
formation.  In  Fig.  9  one  sees  at  the  formative  end  of  the  lower  incisor  a  com¬ 
plete  absence  of  columnar  ameloblasts  with  replacement  by  a  thin  squamous 
type  epithelium  without  keratinization  but  with  evidence  of  proliferation  into 
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the  area  of  the  stratum  intermedium  by  small  fingerlike  projections.  The  gonads 
of  both  male  and  female  hamsters  were  characterized  principally  by  degeneration 
and  fibrosis.  Other  tissues  of  deficient  animals  were  not  remarkable  either 
grossly  or  histologically  and  neither  control  group  exhibited  any  gross  or  mi¬ 
croscopic  changes  at  any  time  during  the  study. 

In  reference  to  liver  analyses  for  the  presence  of  vitamin  A,  none  was 
found  in  any  of  the  deficient  group,  while  animals  of  the  synthetic  diet  control 
group  were  found  to  have  a  mean  value  of  105.4  I.U.  per  gram  of  liver  tissue. 
Mortality  in  the  deficient  group  was  54  per  cent  for  the  15-week  experimental 
period.  However,  most  of  these  animals  succumbed  after  the  initial  signs  of 
vitamin  A  deficiency  were  manifest  and  exhibited  the  histopatholgic  alterations 
just  described.  Two  of  the  12  synthetic  diet  control  hamsters  died  during  the 
experimental  period  whereas  none  of  the  animals  on  the  chow  diet  (weight 
controls)  were  lost. 


Fig.  9. — Section  of  enamel  organ  of  the  lower  incisor  of  a  deficient  animal.  The  columnar 
ameloblasts  have  been  replaced  by  a  thin,  nonkeratinized  squamous  epithelium  which  shows 
peglike  proliferations  into  the  subjacent  tissue.  Interglobular  dentin  is  also  present  (Hema¬ 
toxylin  and  eosin  ;  X260.) 


DISCUSSION 

On  the  basis  of  the  gross  and  histologic  changes,  clinical  observations,  and 
liver  analyses  just  outlined,  it  is  assumed  that  the  hamster,  like  the  rat,  has  a 
definite  requirement  for  vitamin  A  and  cannot  survive  without  it.  Previous 
work  already  alluded  to,  relating  to  the  nutrition  of  this  animal,  has  not  in¬ 
cluded  a  study  of  the  general  effects  of  avitaminosis  A.  In  this  species,  as  in 
others,  this  dietary  element  appears  to  be  closely  associated  with  the  integrity 
of  epithelial  tissues  and  these  results  essentially  agree  with  those  of  Wolbach 
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and  Howe.'”  The  most  marked  tissue  alterations  in  this  study  were  evident  in 
the  salivary  glands,  both  minor  and  major,  with  the  serous  portion  of  the  sub¬ 
maxillary  gland  exhibiting  the  most  severe  and  early  morphologic  changes. 
Mucous  acini  were  also  involved  but  to  a  somewhat  lesser  degree.  In  the  parotid 
glands  which  are  primarily  serous  in  nature,  metaplasia  and  degeneration  were 
also  in  evidence  but  at  a  somewhat  later  time.  This  finding  agrees  with  the 
report  of  Wolbach  and  Howe.  Why  the  parotids  were  involved  in  the  later 
stages  can  only  be  postulated.  It  may  be  that  the  earlier  lesions  produced  in 
the  submaxillary  glands  when  compared  to  the  later  affected  parotid  glands 
was  based  to  some  degree  on  duet  obstruction  due  to  keratotic  plugs.  Occlusion 
of  the  ducts  of  the  submaxillary  gland  could  conceivably  be  enhanced  by  their 
location  and  the  mixed  type  of  secretion  from  the  gland.  The  over-all  im¬ 
portance  of  duct  obstruction  in  the  pathogenesis  of  these  glandular  lesions  can¬ 
not  be  overemphasized.  Duct  obstruction  in  the  lesions  which  were  charac¬ 
terized  by  suppuration  was  probably  the  most  important  contributing  factor  to 
the  morphologic  end  result,  the  course  of  events  most  likely  being  obstruction 
from  keratotic  plugs  with  retrograde  infection  and  tissue  destruction  by  micro¬ 
organisms. 

In  spite  of  these  rather  marked  histopathologic  changes  in  the  salivary 
glands,  in  no  instance  was  xerostomia  noted.  This  does  not  rule  out  the  pos¬ 
sibility,  however,  that  in  a  more  prolonged  study  dealing  with  chronic  vitamin 
A  deficiency  more  complete  degeneration  of  salivary  gland  tissue  may  occur 
and  thereby  alter  either  qualitatively  or  quantitatively  the  secretion  of  saliva. 
Shaw®  has  raised  this  question  in  relation  to  dental  caries  activity  as  it  may 
be  affected  by  vitamin  A  deficiency  through  disturbances  in  the  salivary  glands. 
Further  study  in  this  regard  may  be  warranted  since  the  hamster  has  been 
used  in  numerous  investigations  pertaining  to  dental  caries. 

The  lesions  produced  in  the  dental  tissues  in  this  study  have  been  well 
documented  in  other  reports  in  which  the  rat  was  used  as  the  experimental  ani¬ 
mal*’”;  and  the  incisors  of  the  hamster  appear  to  be  involved  in  a  similar 
manner.  As  would  be  expected  the  ectodermal  portion  of  the  tooth  was  first 
affected  and  the  dentin  and  pulp  secondarily.  Again  more  prolonged  study 
with  the  hamster  may  be  warranted  in  light  of  the  interesting  findings  of  Bum, 
Smith,  and  Orten^  who  described  odontomas  in  62  per  cent  of  rats  maintained 
on  chronic  vitamin  A  deficiency  for  periods  up  to  365  days. 

The  changes  noted  in  the  respiratory  epithelium  and  gonads  of  the  hamster 
are  also  compatible  with  those  previously  reported  in  the  rat.**  The  urinary 
epithelium  and  pancreas  of  the  hamster,  however,  were  not  remarkable,  whereas 
these  tissues  in  the  rat  presented  keratinizing  squamous  metaplasia.  This 
difference  may  once  again  be  accountable  to  the  difference  in  experimental 
period,  but  could  be  based  on  species  difference  as  well. 

A  word  may  be  said  in  reference  to  the  ration  utilized  in  this  study.  This 
regimen  was  devised  after  many  fruitless  attempts  to  produce  avitaminosis  A 
with  commercially  available  vitamin  A  test  diets  designed  for  the  rat.  During 
this  period  of  trial  and  error  diet  manipulation,  it  was  found  that  the  hamster 
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has  a  definite  need  for  cellulose.  In  addition,  this  animal’s  requirements  for 
inositol  and  choline  were  found  to  be  greater  than  the  quantities  of  these  vita¬ 
mins  contained  in  brewer’s  yeast,  a  commonly  used  source  of  vitamin  B  complex 
in  animal  diets.  It  was  the  experience  in  this  laboratory  that  a  rather  marked 
mortality  rate  was  noted  when  these  elements  and/or  cellulose  were  absent. 
It  is  felt  that  the  diet  as  presently  constituted  is  adequate  for  growth  and 
maturation  of  the  hamster  when  supplemented  with  vitamin  A  and,  because 
of  its  ease  of  manipulation,  may  prove  valuable  in  studies  of  other  nutritional 
disturbances. 

SUMMARY 

A  study  has  been  described  wherein  50  albino  hamsters  of  weanling  age 
were  divided  into  three  groups.  One  group  was  placed  on  a  synthetic  diet 
including  all  the  known  required  nutritional  elements  with  the  exception  of 
vitamin  A.  The  other  two  groups  served  as  controls.  The  deficient  group  ex¬ 
hibited  marked  changes  in  the  salivary  glands,  respiratory  mucosa,  odontogenic 
tissues,  and  the  gonads.  These  changes  were  characterized  principally  by 
metaplasia  of  various  epithelia  to  a  squamous  type.  The  possibility  of  the 
use  of  the  hamster  in  chronic  vitamin  A  deficiency  studies  has  been  discussed, 
and  a  comparison  has  been  made  of  histopathologic  findings  of  avitaminosis 
A  in  this  species  to  other  animals  suffering  from  the  same  deficiency. 
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A  METHOD  OF  MEASURING  POROSITY  OF  PORCELAIN  TEETH 

JOHN  O.  SEMMELMAN 
York,  PeniMylvania 

For  nearly  two  hundred  years,  porcelain  has  been  accepted  as  a  standard 
material  for  use  in  most  dental  restorations.  During  this  time  manufac¬ 
turers  have  tested  their  own  porcelain  materials  in  order  to  improve  and  en¬ 
sure  their  quality.  However,  there  has  not  been  general  recognition  that  some 
dental  porcelains  were  better  than  others,  and  that  there  might  be  a  need  for 
standard  tests  for  dental  porcelains.  As  a  result,  the  major  factors  affecting 
the  selection  of  porcelain  teeth  concerned,  not  the  porcelain,  but  tooth  form, 
anchorage,  shade,  and  translucency. 

With  the  advent  of  vacuum-fired  porcelain,  it  became  impossible  to  over¬ 
look  the  differences  in  the  basic  material  any  longer.  At  least  three  optical 
and  physical  improvements  were  noted  and  confirmed  by  service  trials.  The 
next  logical  step  was  to  develop  methods  for  measuring  these  physical  proper¬ 
ties.  Some  were  not  readily  measurable  by  conventional  methods ;  others  were 
not  sufficiently  understood  that  proper  tests  could  be  designed  immediately  for 
their  measurement. 

The  speckled  appearance  of  translucent  air-fired  porcelain  was  replaced 
by  fine  texture  and  a  homogenous  appearance,  equal  or  superior  to  what  previ¬ 
ously  had  been  claimed  for  plastics  (Fig.  1),  Unfortunately,  there  were  no 
texture  standards  for  dental  materials  which  would  permit  visual  comparison 
and  rating.  The  interrelationships  of  porcelain  grain  size,  porosity,  and  tex¬ 
ture  were  determined  by  subsequent  investigations  and  eventually  it  became 
possible  to  evaluate  texture  quantitatively  within  certain  limitations  by  means 
of  pore  or  internal  bubble  measurements. 

Some  types  of  mechanical  strength  have  also  been  improved  in  recent 
porcelains.  This  is  difficult  to  measure  accurately  on  teeth  because  minute  size 
and  form  variations  also  affect  precise  measurements.  However,  we  now  know 
that  measurements  can  be  made  under  carefully  controlled  laboratory  condi¬ 
tions,  and  improvements  in  impact  strength,  due  to  reduced  porosity,  can  be 
correlated  to  bubble  measurements  and  porosity. 

A  third  important  feature  of  dense  porcelain  is  that  it  can  be  ground  for 
size  or  shape  and  still  present  a  smooth,  hygienic  surface  which  will  minimize 
accumulation  of  debris  or  stain.  Previous  porcelain  had  a  dense,  glazed  sur¬ 
face  as  manufactured  but,  when  ground,  pits  and  bubbles  were  exposed  (Fig. 
2).  These  resulted  in  stain  accumulation  unless  reglazed  to  restore  the  original 
surface.  Dense  vacuum  porcelain  can  be  ground  or  abraded  indefinitely  with¬ 
out  degrading  the  surface. 

Received  for  publication  May  12,  1956  ;  revised  by  author  July  22,  1957. 
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Thus,  a  test  was  needed  for  porcelain  which  would  be  unaffected  by  shade, 
form,  and  size  of  the  specimen  and  which  would  quantitatively  (1)  reveal  the 
extent  of  interior  bubbles  which  will  pit  a  ground  surface,  (2)  indicate  optical 
texture  as  caused  by  internal  bubble  size,  and  (3)  permit  correlation  of  strength 
and  density  properties.  Naturally,  such  a  test  should  also  be  accurate,  re¬ 
producible,  and  capable  of  rapid  execution.  Existing  test  methods  for  density 
and  porosity  were  logically  investigated  first. 


Fig.  1. 


Fig.  2. 


Fig.  1. — Effect  of  internal  pores  or  density  on  texture  and  opacity.  Left,  air-fired 
porcelain.  Right,  vacuum-flred  porcelain. 

Fig.  2. — Stain  accumulation  on  ground  labial  surface.  Left,  air-fired  tooth.  Right, 
vacuum-fired  tooth. 

A  density  or  specific  gravity  determination  does  not  measure  porosity  di¬ 
rectly,  but  rather  the  effect  which  porosity  has  on  weight.  Such  a  method  is  un¬ 
desirable  because  the  devious  relationship  to  weight  results  in  a  loss  of  sensitivity 
and  also  is  of  no  direct  practical  significance  to  dentistry.  Normal  air-fired 
porcelain  has  a  lower  specific  gravity  than  vacuum-fired  porcelain.  The  effects 
of  metal  oxide  pigments  and  firing  cause  variations  in  specific  gravity  of  such 
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magnitude  as  to  almost  obscure  those  due  to  porosity.  For  example,  an  air-fired 
porcelain  may  vary  in  specific  gravity  from  2,268  to  2.324,  depending  upon  shade 
and  firing.  Similarly,  a  dense  porcelain  will  vary  from  2.370  to  2.425,  Such 
extraneous  influences  render  specific  gravity  a  very  inconsistent  and,  therefore, 
undesirable  measure  of  porosity. 

Per  cent  porosity,  which  compares  porous  volume  with  total  volume,  and 
requires  4  weighings  and  2  picnometer  measurements  to  determine  the  apparent 
specific  gravity  of  the  whole  specimen  and  the  true  specific  gravity  of  material 
from  the  same  article  after  it  has  been  reduced  to  a  fine  powder,  is  more  ap¬ 
propriate.  Such  a  method  is  truly  indicative  of  the  bubble  concentration,  but 
is  laborious,  time  consuming,  and  subject  to  gross  errors  as  minor  variations  in 
any  of  the  4  weighings  are  magnified  in  dividing  nearly  equal  large  numbers. 

Difficulties  with  such  existing  tests  led  to  the  development  of  a  practical, 
rapid,  and  accurate  method  for  measuring  porosity,  which  duplicates  most  of 
the  service  conditions  under  which  bubble  structure  is  important.  An  actual 
tooth  is  ground,  and  the  exposed  inner  surface  is  polished  and  observed  under 
magnification.  One  glance  is  sufficient  to  estimate  the  porosity,  but  it  is  a  sim¬ 
ple  operation  to  count  the  visible  bubbles  and  calculate  accurately  the  number 
per  square  millimeter.  If  the  microscope  of  a  Knoop  Hardness  Tester  is  used, 
the  filar  head  also  permits  measurement  of  bubble  size  and  from  this  the  calcula¬ 
tion  of  bubble  volume  and  per  cent  porosity.  A  typical  view  of  gootl  quality 
air-fired  porcelain  as  it  appears  in  this  test  is  shown  in  Fig.  3.  There  were  74 
bubbles  per  mm.*  the  largest  bubble  was  0.056  mm.  in  diameter  and  the  voids 
occupy  4.5  per  cent  of  the  total  area.  The  extremely  high  proportion  of  bubble 
area  to  total  area  in  good  quality  porcelain  is  quite  surprising,  even  to  persons 
who  have  used  dental  porcelain  for  years.  Fig.  4  shows  an  average,  vacuum-fired 
porcelain  prepared  in  the  same  manner  and  viewed  under  the  same  magnification. 
There  a^e  8  bubbles  per  mm.*  the  largest  is  only  0.22  mm.  in  diameter  and  the 
porosity  is  less  than  0.1  per  cent. 

In  the  interest  of  developing  an  accurate  test,  certain  simple  refinements  are 
desirable.  Initial  grinding,  done  with  a  standard  dental  abrasive  wheel,  may 
be  followed  with  dental  polishing  discs  although  it  is  preferable  to  use  metal- 
lographic  polishing  technics  in  which  the  ground  specimen  is  rubbed  over  pro¬ 
gressively  finer  abrasive  surfaces  to  produce  a  nearly  scratch-free  surface. 
Polishing  need  not  be  perfect  but  does  improve  accuracy.  Since  several  speci¬ 
mens  may  be  mounted  and  polished  together,  the  time  required  to  prepare  each 
specimen  is  only  about  10  to  30  minutes.  Measurement  and  calculation  require 
20  minutes  or  less. 

In  order  to  get  the  same  measurements  consistently,  certain  standardized 
technics  have  been  adopted.  Ten  fields  are  measured  on  each  specimen  and  an 
average  is  reported.  Three  or  4  of  these  fields,  selected  at  random,  should  be  in 
the  enamel  colored  portion  of  the  tooth,  the  remainder  scattered  over  the  dentin 
colored  portion.  This  reflects  porosity  differences  between  the  body  and  surface 
layers  due  to  porcelain  grain  size  and  detects  any  localized  porosity  which  may 
have  been  occasioned  by  poor  mold  packing  or  binder  elimination.  The  reported 
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number  of  bubbles  per  square  millimeter  is  thus  the  average  of  10  random,  but 
representative,  fields.  It  has  been  found  advantageous  not  to  count  specks  which 
are  so  small  they  cannot  be  easily  and  positively  identified  as  bubbles  by  their 
round  shape.  Under  200  power  this  imposes  a  practical  lower  limit  for  measure¬ 
ment  of  approximately  0.0001  mm.  In  each  of  the  10  fields,  the  largest  single  bub- 


Fig.  3, 


Fig.  4. 


Fig.  3. — Internal  porosity  of  air-flred  porcelain.  (Orlg.  mag.  X200.) 
Fig.  4. — Internal  density  of  vacuum-flred  porcelain.  (Orlg.  mag.  X200.) 
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ble  is  also  measured  for  diameter.  The  diameters  of  the  ten  largest  huhhles  arc 
averaged,  yielding  a  figure  called  “average  maximum  huhhle  diameter.”  With 
the  arbitrary  assignment  of  zero  value  to  the  smallest  bubble,  this  figure  is  di¬ 
vided  by  2  to  obtain  an  “average  bubble  diameter.”  This  is,  in  turn,  used  to 
calculate  the  average  bubble  area  and  the  percentage  porosity. 

The  formula  for  calculation  is :  per  cent  porosity  =  100  x  N  x  tt  R.*  When 
N  equals  the  average  number  of  bubbles  per  square  millimeter  and  D  is  the 
maximum  diameter  measured,  then  R,  the  radius  of  the  average  bubble,  is  equiva¬ 
lent  to  D  divided  by  4.  Since  this  is  the  porosity  of  a  random  plane,  the  area 
porosity  may  be  eonsidered  representative  of  volume  porosity. 

In  order  to  check  this  method  of  measurement  for  reproducibility  by  vari¬ 
ous  persons  and  over  extended  periods  of  time,  measurements,  and  remeasure¬ 
ments  have  been  made  for  many  years  of  samples  of  air-  and  vacuum-fired  porce¬ 
lain  secured  at  regular  intervals  through  normal  sources.  These  results  are  sum¬ 
marized  in  Table  I,  the  ranges  of  maximum  and  minimum  readings  being  shown 
in  parentheses  below  the  averages.  In  general,  the  ranges  shown  are  felt  to 
indicate  fair  consistency,  both  for  the  test  method  and  the  products.  Of  course, 
the  repeat  measurements  of  a  single  specimen  show  even  better  reproducibility 
when  only  operator,  equipment,  and  condition  variables  are  studied. 


Table  I 

Microscopic  Porosity  Measurements  of  Dental  Porcelain 


1 

air-fired 

1  VACUUM-FIRED 

Average  Number  of  Bubbles  per  sq.  mm. 

73.7 

8, 

.1 

(62.8  -  83.5) 

(6.5  - 

11.7) 

Average  max.  diam. 

.055  mm. 

.022 

mm. 

(.050  -  .064) 

(.018  - 

-  .025) 

Porosity 

4.5% 

.08% 

(3  -  6.3%) 

(.05  - 

.11%) 

SUMMARY 

A  method  for  measuring  porosity  of  dental  porcelain  is  described.  It  per¬ 
mits  attainment  of  the  following  goals : 

'  1.  Porosity  in  a  dental  porcelain,  which  will  be  exposed  by  grinding,  is 

measured  directly  and  quantitatively.  Air-fired  porcelain  is  seen  to  have  more 
than  sixty  times  the  porosity  of  vacuum-fired  porcelain. 

2.  Texture  effects  are  indicated  directly  and  quantitatively  in  terms  of  bub¬ 
ble  size.  Air-fired  porcelain  is  seen  to  have  bubbles  6  times  larger  in  area,  and 
21/4  times  greater  in  diameter  than  vacuum-fired  porcelain. 

3.  The  method  is  unaffected  by  shade  or  form,  can  be  performed  on  commer¬ 
cial  articles,  and  is  rapid,  accurate,  and  reproducible. 

This  basic  method  of  measuring  porosity  has  been  modified  by  the  National 
Bureau  of  Standards  to  specify  porcelain  tooth  density  in  government  contracts 
(VA-DM-1539a,  3/17/53). 
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The  problem  of  undesirable  opacity  and  internal  porosity  in  dental  porcelain 
is  as  old  as  dental  porcelain  itself.  The  best  artificial  teeth  available  until  a 
few  short  years  ago  contained  numerous  minute  pores,  bubbles,  or  voids.  These 
bubbles  prevented  attaining  the  same  visual  and  esthetic  qualities  as  in  natural 
teeth  because  they  refiected  and  diffused  light  in  such  a  way  as  to  result  in  either 
undesirable  opacity  or  sandy,  gritty  texture.  The  bubbles  also  have  been  found 
to  be  a  weakening  infiuence,  particularly  with  respect  to  chipping  or  cracking 
under  impact.  Further,  when  teeth  were  ground  for  alteration  of  shape,  the 
internal  bubbles  were  exposed  and  pitted  the  ground  surface. 

There  have  been  many  theoretical  explanations  of  the  problem  and  ap¬ 
proaches  to  its  solution.  Drum^  stated  “the  reason  for  the  formation  of  these 
pores  and  gas  cavities  is  to  be  found  in  that  during  burning  .  .  .  there  are  re¬ 
leased  slight  amounts  of  gases.”  Parmelee*  stated,  “Recognized  examples 
of  gases  in  solids  are  few  but  they  are  to  be  found.  For  example,  many  com¬ 
mercial  feldspars  are  unsuitable  for  the  use  or  manufacture  of  false  teeth  be¬ 
cause  they  liberate  gases  during  vitrification.  ’  ’  Dental  manufacturers  purchase 
the  highest  quality  feldspars  and  prefuse  constituents  to  afford  a  prior  oppor¬ 
tunity  for  gases  to  escape.  Neither  procedure  satisfactorily  eliminates  the 
bubbles. 

Others  have  theorized  that  the  bubbles  resulted  from  improper  packing  of 
the  porcelain  ingredients  in  molding  and  proposed  a  variety  of  methods  to 
promote  better  packing.  These  methods  included  reducing  the  amounts  of 
organic  binders  and  plasticizers  to  minimum,  packing  molds  under  extremely 
high  pressure,  vibrating  so  as  to  give  the  irregular  particles  the  maximum 
opportunity  to  adapt  themselves  to  each  other,  vacuum  mixing  of  the  porcelain 
dough  to  remove  entrapped  air  and  the  use  of  selected  grain  sizes  so  that 
smaller  grain  sizes  would  successively  and  exactly  fill  the  interstices  between 
the  large  grain  sizes  until  every  last  void  was  filled.  None  of  these  theoreti¬ 
cally  conceived  approaches  succeeded  in  eliminating  the  porosity  of  dental 
porcelain  and  some  of  the  methods  increased  rather  than  decreased  the  opacity. 
The  only  significant  improvement  in  translucency,  prior  to  1949,  was  secured 
by  the  use  of  large  grain  size  ingredients  especially  treated  to  remove  the 
normally  present  fine  grain  sizes. 

In  1949,  the  first  method  of  producing  dense,  translucent  pore-free  porce¬ 
lain  teeth  was  developed.  While  studying  factors  involved  in  shade  control. 

Received  for  publication  May  12,  1956  :  revised  by  authors  July  22,  1957. 
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950 


DENSIFICATION  OF  DENTAL  PORCELAIN 


Volume  36 
Number  6 


a  series  of  experimental  firings  was  conducted  in  pure  gases  which  are  likely 
to  be  present  in  tooth  furnace  atmosphere,  and  it  was  observed  that  some  of 
the  teeth  had  superior  transluceney  and  were  substantially  free  from  bubbles. 
This  observation  by  Gatzka  was  responsible  for  the  first  successful  method  of 
producing  pore-free,  desirably  translucent,  more  lifelike  teeth.* 

After  development  of  the  vacuum  firing  process  and  its  use  in  production 
of  teeth,  it  became  apparent  that  certain  technical  anomalies  could  not  be  ex¬ 
plained  with  the  current  theories  of  the  mechanisms  involved.  One  of  these 
was  the  infiuence  of  grain  size  on  transluceney.  In  air-fired  teeth,  best  trans- 
lucency  is  obtained  with  large  grain  size  materials,  while  in  vacuum  firing 
small  grain  sizes  give  best  transluceney.  To  explain  these  technical  problems 
a  scientific  investigation  of  the  cause  of  the  bubbles  in  air-fired  teeth  and  the 
mechanisms  involved  in  their  removal  was  instituted. 


Pig.  1. — Progressive  vitriflcation  of  coarse-  and  flne-grained  porcelain.  Microphoto¬ 
graphs  (orig.  mag.  X200)  of  cross  sections  of  actual  teeth  fired  on  a  15-minute  cycle  to  the 
temperatures  indicated  by  the  numerals  on  the  illustration.  Top,  Coarse  +120  mesh.  Bottom, 
Fine  -325  mesh. 


In  order  to  evaluate  the  results  of  the  test  firings,  a  method  for  measuring 
porosity  was  developed.®  By  using  this  method  on  experimentally  fired  teeth, 
it  was  possible  to  develop  the  cause  of  bubbles  in  air-fired  teeth,  the  reason  for 
the  infiuence  of  grain  size  on  transluceney  as  well  as  the  mechanisms  involved 
in  densification. 

A  better  explanation  is  now  possible  by  reference  to  microphotographs 
of  cross  sections  of  tooth  porcelain  fired  to  progressive  degrees  or  stages.  In 
Fig,  1,  the  progressive  vitrification  of  a  coarse  and  a  fine  grain  porcelain  is 
shown.  In  the  early  stages  of  firing,  the  irregularly  shaped  white  areas 
represent  the  porcelain  particles,  the  dark  areas  between  are  interstitial  spaces. 
These  interstitial  spaces  do  not  affect  the  initial  firing  process  except  to  permit 
air  to  enter  the  mass,  bum  out  the  binder  and  permit  combustion  products  to 

•Gatzka.  K.:  U.  S.  Patent  No.  2,597.469. 
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escape  into  the  furnace  chamber.  However,  once  fusion  begins  the  picture 
changes.  Melting  starts  at  the  areas  of  contact  between  individual  grains  and 
as  appreciable  fusion  or  shrinkage  takes  place,  individual  spaces  are  sealed  by 
the  fused  material.  The  atmosphere  sealed  in  these  interstitial  spaces  is  the 
atmosphere  present  in  the  furnace  at  the  time  the  spaces  are  sealed,  air  in  the 
case  of  air-fired  teeth.  This  entrapped  air  in  all  cases  has  the  temperature  of 
the  biscuit  being  fired  and  the  pressure  of  the  atmosphere  in  the  furnace.  The 
sealed  spaces  become  spherical  under  the  influence  of  increased  temperature 
and  surface  tension.  Simultaneously,  the  entrapped  air  expands  due  to  the 
increase  in  temperature  of  the  tooth.  This  causes  a  pressure  increase  which, 
however,  is  equalized  by  enlargement  of  the  spaces.  The  final  result  is  internal 
porosity  from  these  sphere-shaped  voids  as  represented  by  the  micrographs 
on  the  right.  Thus,  the  air  or  furnace  atmosphere  sealed  in  interstitial  spaces 
is  seen  to  develop  into  the  bubbles  in  air-fired  teeth  and  is  demonstrably  proven 
to  be  the  overriding  cause  of  these  bubbles. 

It  is  important  to  the  process  of  densification  that  invariably  the  skin  or 
surface  of  an  air-fired  tooth  is  substantially  free  from  bubbles.  The  reason 
for  this  is  that  the  interstitial  spaces  near  the  surface  are  not  effectively  sealed 
and  the  atmosphere  therein  may  escape  to  the  furnace  chamber. 

The  simple  explanation  of  densification  due  to  vacuum  firing  is  that  the 
vacuum  removes  the  air  or  atmosphere  from  the  interstitial  spaces  before  this 
sealing  of  the  surface  occurs  and  hence  there  is  nothing  to  hinder  the  porcelain 
from  shrinking  to  a  dense,  pore-free  mass.  Actually,  the  mechanism  is  some¬ 
what  more  involved.  We  think  ideally  of  vacuum  as  “nothing”  but  in  prac¬ 
tice  it  actually  is  air  at  very  low  pressure.  Hence,  while  vacuum  removes  most 
of  the  air  from  the  interstitial  spaces,  it  does  not  remove  it  all.  What  is  sealed 
in  the  interstitial  spaces  in  vacuum  firing  is  again  the  furnace  atmosphere. 
These  entrapped  spaces  become  spherical  under  the  influence  of  surface  tension 
and  increase  in  temperature.  When  air  at  atmospheric  pressure  is  allowed  to 
enter  the  furnace,  it  exercises  a  strong  compression  effect  on  the  low  pressure 
bubbles  through  the  medium  of  the  semimolten  porcelain.  The  result  is  that 
a  dense,  pore-free  porcelain  is  obtained. 

If  helium,  hydrogen,  or  steam  is  substituted  for  the  normal  furnace  atmos¬ 
phere  then  these  are  the  gases  which  will  be  sealed  in  the  interstitial  spaces.  With 
these  gases,  the  interstitial  spaces  will  not  enlarge  under  the  influence  of  increas¬ 
ing  temperature  but  will  decrease  in  size  or  disappear.  This  occurs  because  these 
gases  diffuse  outward  through  the  porcelain  or  dissolve  in  the  porcelain. 
Whatever  the  exact  mechanism,  it  has  been  ascertained  that  near-perfect  den¬ 
sity  is  possible  when  the  furnace  atmosphere  is  pure  steam  or  pure  diffusible 
gas,  and  that  physical  and  optical  properties  result  which  are  roughly  com¬ 
parable  to  vacuum  firing. 

Once  the  cause  of  the  bubbles  in  air-fired  porcelain  was  known  and  mecha¬ 
nisms  involved  in  their  elimination  was  known,  it  also  became  possible  to 
minimize  the  effects  of  bubbles  already  formed.  After  a  tooth  has  been  con¬ 
ventionally  fired,  it  contains  by  volume  some  94  per  cent  porcelain  and  6  per 
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cent  air,  the  air  being  sealed  into  countless  bubbles  and  the  tooth  having  a 
skin  of  porcelain  more  or  less  devoid  of  bubbles.  While  the  porcelain  is  in  a 
semimolten,  flowable  condition,  this  entrapped  air  may  be  compressed,  with  the 
porcelain  acting  as  a  hydraulic  medium,  into  a  small  fraction  of  its  original 
volume.  Thus,  if  a  tooth  is  fired  in  air  at  atmospheric  pressure  until  the  bub¬ 
bles  are  sealed  and  the  dense  surface  is  formed,  the  air  trapped  in  the  bubbles 
is  at  one  atmosphere  pressure.  If  now  the  tooth  is  subjected  to  superatmos- 
pheric  pressure,  say,  10  atmospheres,  the  bubbles  will  be  comparably  com¬ 
pressed  in  size.*  This  reduction  in  size  is  .sufficient  to  produce  translueency 


A.  B. 

Fig.  2. — Alr-flred  porcelain.  A,  Before  glazing.  B,  After  glazing. 


and  texture  closely  approximating  that  accomplished  by  vacuum  or  diffusible 
gas  atmosphere  firing.  Obviously,  the  finish-fired  tooth  is  cooled  under  pres¬ 
sure  as  rel'^ase  of  the  pressure  while  the  porcelain  is  still  fiowable  would  result 
in  the  bubbles  reverting  to  their  original  size. 

When  it  was  found  that  air  trapped  in  the  interstitial  spaces  was  responsi¬ 
ble  for  the  bubbles,  the  reason  for  the  marked  influence  of  grain  size  on  trans- 
lucency  became  clear.  Like  cracks  in  glass,  both  the  number  and  size  of  bub¬ 
bles  are  involved  in  determining  their  influence  on  translueency.  In  air  firing, 
large  grain  sizes  give  best  translueency  because  they  produce  the  fewest  bub¬ 
bles.  Unfortunately,  these  bubbles  are  large  and  are  objectionable  for  that 
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A.  B 

Fig.  3. — Vacuum-fired  porcelain.  A,  Before  glazing.  B,  After  glazing. 


A.  B. 

Fig.  4. — Diffusible  gas-flred  porcelain.  A,  Before  glazing.  B,  After  glazing. 
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reason.  On  the  other  hand,  small  grain  sizes  produce  a  great  many  small  bub¬ 
bles  which  seriously  decrease  translueeney.  In  contrast  to  air  firing,  small 
grain  sizes  give  best  translueeney  in  vacuum,  diffusible  gas,  or  pressure  firing 
because  the  bubbles  are  readily  made  sufficiently  small  so  that  they  do  not 
interfere  with  light  transmission. 

One  of  the  major  differences  which  exists  between  vacuum,  diffusible  gas, 
and  pressure-fired  porcelain  is  revealed  on  retiring  to  a  self-glazing  tempera¬ 
ture.  Any  porcelain,  which  has  been  finish-fired  and  cooled  under  atmospheric 
pressure,  is  in  pressure  equilibrium  and  may  be  retired  to  a  glazing  temper¬ 
ature  with  negligible  effects.  This  is  seen  in  Fig.  2,  where  air-fired  porcelain 


A.  B. 

Fig.  5. — Pressure-flred  porcelain.  A,  Before  glazing.  B,  After  glazing. 

is  seen  before  and  after  reglazing.  The  initial  porosity  is  increased  somewhat 
by  the  retiring.  Fig.  3  shows  the  initial  density  of  vacuum-fired  porcelain  on 
the  left,  increased  after  reglazing  but  still  negligible  in  extent  on  the  right. 
Pig.  4  shows  diffusible  gas-fired  porcelain.  It  is  interesting  to  note  that  diffu¬ 
sion  continues  on  rcglazing  and  any  initial  porosity  has  actually  diminished. 
Fig.  5  shows  pressure-fired  porcelain  to  be  initially  dense  but  to  be  unstable 
to  atmospheric  refiring — the  compressed  bubbles  expanding  to  the  identical 
volume  or  porosity  of  air-fired  porcelain.  This  effect  from  reglazing  may  be 
minimized  by  the  use  of  low  temperature  stains  or  glazes  or  refiring  under 
pressure. 
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SUMMARY 

Three  different  methods,  capable  of  producing  density  in  artificial  porce¬ 
lain  teeth  have  been  advanced.  To  the  user,  all  of  these  systems  provide  better 
looking,  stronger,  and  more  useful  porcelains  than  were  previously  available. 
Each  of  the  methods  has  its  own  advantages  and  disadvantages.  Vacuum 
firing  produces  excellent  density  and  a  fairly  stable  porcelain,  but  does  not 
lend  itself  to  mechanization  and  is,  therefore,  rather  expensive  as  a  manufac¬ 
turing  process.  Diffusible  atmosphere  firing,  at  present,  offers  no  technical  or 
economic  advantage  over  vacuum  firing.  Pressure  methods  are  capable  of 
equivalent  density,  but  at  the  cost  of  thermal  stability  since  they  do  not  avoid 
the  formation  of  bubbles  but  merely  pressurize  existing  bubbles  into  the  small¬ 
est  possible  dimensions.  Nevertheless,  this  method  is  economical  and  of  value 
in  producing  teeth  for  certain  uses. 
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PROFILE  CHARACTERISTICS  OF  CUT  TOOTH  SURFACES 
DEVELOPED  BY  ROTATING  INSTRUMENTS 

GERALD  T.  CHARBENEAU,  D.D.S.,  M.S.,  FLOYD  A.  PEYTON,  D.Sc.,  AND 
DAVID  H.  ANTHONY,  D.M.D. 

School  of  Dentistry,  University  of  Michigan,  Ann  Arhor,  Mich. 

The  irregularity  of  the  cut  tooth  surfaces  resulting  from  the  shaping 
of  cavities  would  appear  to  have  a  twofold  significance.  First,  these  irreg- 
ularies  should  have  some  effect  on  the  adaptation  of  the  specified  filling  mate¬ 
rial  to  the  cavity  walls,  and  second,  they  may  tend  to  undermine  or  weaken 
groups  of  enamel  rods  at  the  cavo-surface  margins,  thus  resulting  in  a  failure 
of  the  tooth  structure  surrounding  the  restoration  rather  than  a  failure  of  the 
restoration  itself. 

In  order  to  determine  the  significance  that  these  irregularities  may  have 
in  either  case,  it  is  desirable  to  know  their  magnitude  as  produced  by  various 
instruments.  Appraisals  of  such  surface  roughness  have  been  made  previously 
by  Street,®  and  Peyton  and  Mortell.®  These  methods  of  evaluation  have  been 
somewhat  qualitative  since  they  rely  on  observation  at  right  angles  to  a  cut 
surface  which  has  been  previously  treated  to  make  the  crests  of  the  irregulari¬ 
ties  more  distinguishable.  The  eye  is,  however,  more  sensitive  to  the  spacing 
of  the  irregularities  rather  than  their  height.®  Lammie®  used  a  stylus-type 
surface  analyzer  which  gives  an  average  height  rating  for  a  given  surface. 
Such  recordings  do  not  provide  a  profile  of  widely  spaced  irregularities.  There¬ 
fore,  the  Proficorder,  an  instrument  of  different  design,  has  been  employed 
in  this  study. 

METHOD 

The  Proficorder'*  ®  is  a  mechanical-electronic  instrument  which  provides 
a  permanent  magnified  chart  record  of  the  shape,  height,  and  spacing  of  sur¬ 
face  irregularities.  Vertical  displacements  of  a  diamond  stylus,  whose  tip  has 
a  radius  of  0.0005  inch,  react  through  a  differential  transformer  type  trans¬ 
ducer  to  modulate  a  carrier  voltage  which  is  fed  into  an  amplifier  and  record¬ 
ing  unit.  The  reference  surface  for  the  stylus  tracer  is  an  optical  flat  with 
deviation  of  no  more  than  one-millionth  of  an  inch,  or  one  microinch  (1  MU"). 

Although  both  the  vertical  and  horizontal  scales  have,  independently,  a 
wide  range  of  magnifications,  the  degree  of  magnification  on  the  horizontal 
scale  was  kept  constant  throughout  this  study  while  two  vertical  magnifica¬ 
tions  were  used. 

Thia  report  representa  the  partial  reaulta  of  studies  supported  by  Contract  No.  AF 
18(600)-427  between  the  United  States  Air  Force  and  the  University  of  Michigan. 

Presented  at  the  Annual  Meeting  of  the  Dental  Materials '  Group  of  the  International 
Association  for  Dental  Research,  Atlantic  City,  N.  J.,  March  21-23,  1957. 
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Recently  extracted  anterior  and  premolar  teeth  were  flattened  on  the  labial 
or  buccal  surfaces  to  facilitate  cutting  with  burs  or  points.  Where  disks  and 
large  diamond  points  were  used,  this  initial  flattening  was  unnecessary.  Rota¬ 
tion  of  the  cutting  instrument  was  always  in  a  mesiodistal  direction.  The 
selected  teeth  were  held  with  impression  compound  on  one  side  of  a  simple 
lever  balance,  and  this  weight  was  equalized  with  a  shot  pan  on  the  opposite 
side.  The  addition  of  specifled  weight  to  the  shot  pan  was  then  overcome  by 
placing  the  desired  force  on  the  tooth  with  the  rotating  instrument.  The  speed 
of  rotation  was  judged  by  a  tachometer  at  18,000  r.p.m.,  except  as  otherwise 
noted.  A  Chayes  WWCL  contra-angle  and  a  Chayes  No.  3  handpiece  and  a 
Hanau  water  spray  were  used  in  making  all  surface  cuts,  unless  otherwise 
stated,  and  the  teeth  immediately  replaced  in  neutral  formalin.  No  special  at¬ 
tempt  was  made  to  penetrate  entirely  into  dentin  the  full  length  of  the  cut. 


Pig.  1. — Disks  tested.  Di^htnlng,  above ;  Carborundum,  left ;  Diamond,  right. 

The  prepared  teeth  were  mounted  in  wax  and,  with  a  properly  adjusted 
Proflcorder  instrument,  the  charts  were  produced  by  the  tracing  of  the  stylus 
at  90  degrees  to  the  direction  of  cut.  Thus,  the  stylus  traveled  in  a  cervico- 
incisal  direction,  the  distance  of  which  was  determined  by  the  cutting  instru¬ 
ment  and  the  surface  waviness  which  could  be  accommodated  at  the  magnifica¬ 
tion  desired,  still  maintaining  the  recording  on  the  chart. 

Since  the  stylus  is  cut  to  a  90-degree  angle  with  a  tip  radius  of  0.0005  inch, 
the  slopes  of  the  irregularities  and  width  of  the  valleys  determine  the  authen¬ 
ticity  of  the  magnified  profile.  Thus,  valleys  less  than  one-thousandth  inch  in 
width,  or  whose  slopes  form  an  angle  less  than  90  degrees,  may  be  deeper  than 
actually  recorded.  It  was  felt  this  measurement  would  not  be  significant  in 
these  studies,  and  therefore  only  the  stylus  of  0.0005  inch  radius  was  used  in¬ 
stead  of  the  more  fragile  stylus  of  0.0001  inch  radius. 
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RESULTS 

Disks. — The  diamond,  lightning,  and  carborundum  (separating)  disks 
shown  in  Fig,  1  were  examined  for  the  irregularities  of  the  disk  surface  itself 
and  the  irregularities  imparted  to  a  cut  surface  of  a  tooth.  These  irregulari¬ 
ties  are  illustrated  by  the  Proficorder  charts  in  Fig.  2.  Each  division  along 
the  horizontal  scale  represents  0,010  inch,  whereas  each  division  along  the 
vertical  axis  amounts  to  500  MU"  or  0.0005  inch.  It  can  be  seen  that  the  height 
of  the  diamond  grit  is  slightly  greater  than  that  of  the  lightning  disk  and  is 
more  widely  spaced.  While  the  maximum  height  of  the  diamond  grit  is  4,500 


MU",  the  maximum  height  of  the  lightning  grit  is  3,500  MU",  and  there  appears 
to  be  a  gradation  in  3  grit  sizes.  The  grit  of  the  carborundum  disk  is  more 
continuous,  more  closely  spaced,  and  more  nearly  on  the  same  plane  than  that 
of  the  other  2  disks ;  the  grit  does  not  appear,  however,  to  be  as  sharp. 

A  comparison  of  the  cut  tooth  surfaces  resulting  from  a  2-ounee  force  at 
18,000  r.p.m.  shows  that  the  carborundum  disk  leaves  a  surface  whose  maxi¬ 
mum  roughness  is  60  MU",  the  lightning  disk  about  twice  as  rough,  and  the 
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diamond  disk  7  to  10  times  rougher  (Fig.  2)  than  the  lightning  disk.  Appar¬ 
ently,  the  more  rapid  wear  of  the  grit  from  the  lightning  disk,  together  with 
its  slightly  less  coarse  grit  and  more  continuous  surface,  results  in  a  far 
smoother  cut  tooth  surface  than  does  the  diamond  instrument. 

Cylindrical  Diamond  Points. — The  tooth  surface  irregularities  produced 
by  the  diamond  points  (Fig.  3)  appear  to  be  independent  of  point  size  and 
forces  exerted  during  cutting.  There  is  close  similarity  in  roughness  height 


Fig.  3. — Diamond  points  of  cylindrical  desigrn. 


Fig.  4. — Left  to  right:  701  steei,  701  carbide,  600  steel,  242  steel. 

using  a  2-ounce  and  8-ounce  force  between  the  surfaces  produced  by  the  large 
tapered  diamond.  This  roughness  is  about  1,(XK)  MU".  The  medium  tapered 
diamond  produced  maximum  roughness  heights  of  2,000  MU"  at  2  ounces, 
while  this  decreased  slightly  at  8  ounces.  The  use  of  the  small  tapered  dia¬ 
mond  resulted  in  a  maximum  surface  roughness  of  700  MU"  at  2  ounces  and 
2  to  3  times  that  amount  at  8  ounces.  The  reverse  occurred  with  the  flame 
diamond.  In  this  instance,  a  2-ounce  force  resulted  in  maximum  roughness 
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values  of  1,500  MU",  while  8  ounces  resulted  in  700  MU".  Thus,  although  the 
force  generally  has  a  pronounced  effect  on  the  surface  irregularities  produced 
by  these  diamond  points,  there  appear  to  be  other  factors  which  determine 
the  direction  in  which  this  value  will  go. 

Burs. — The  surface  irregularities  produced  by  the  burs  (Fig.  4)  were 
compared.  The  cut  tooth  surfaces  resulting  from  the  use  of  the  701  steel  cross¬ 
cut  fissure  bur  show  some  degree  of  variation  in  roughness  height  at  the  same 


Fig.  5. — Comparison  of  surface  roughness  produced  by  steel  burs  at  18,000  r.p.m.  and  2- 

and  8 -ounce  pressures. 


force,  although  a  frequency  pattern  is  always  evident.  An  8-ounce  force  re¬ 
sults  in  maximum  roughness  values  similar  to  the  2-ounce  force,  the  values  be¬ 
ing  in  the  range  of  400  to  600  MU"  (Fig.  5). 

Using  the  701  spiral  cut  carbide,  a  2-ounce  force  presents  a  definite  repro¬ 
ducible  roughness  of  500  MU",  with  a  characteristic  frequency  pattern  and 


I.  D.  Res. 
December,  1957 


CHABBENEAU,  PEYTON,  AND  ANTHONY 


Fig.  6. — Left,  P-2G:  Right,  26. 


SHEEN  STONE 
18,000  RPM 
.010*  X  500  MU 


CHVRf  Hq 


fiS(C<<CMl7k*CA 


-RocordifiRs  of  grreen  and  white  cylindrical  stones  at  18,000  r.p.m.  and  a  2-ounce 

pressure. 


1 _ 

L._L_r  .L  7  7i^ 

•  ~!x-  !  1  1 

— 

_ 

_ 

1  ’  1  rm 

0mi 

_ j _ 

^  , 

(  ^ 
——.-4 _ _ _ _ 

r~7 — f 

— — 

1 

1 

7 

i 

— 

:  1 

P- — 

J 

"i 

L-. 

risn 

_ 

_ 

, 

,  i 

^  1  T 

\ 

1 

-Uj 

_ 

- 1 _ 

Volume  36 
Number  6 


PEOFILE  CHARACTERISTICS  OF  CUT  TOOTH  SURFACES 


963 


roughness  form.  In  Fig.  5  the  middle  reeordings  show  this  surface  and  the 
same  surface  with  the  vertical  magnification  increased  5  times.  The  increased 
magnification  allows  closer  observation  of  detail  and  more  accurate  roughness 
measurements.  A  force  of  8  ounces  results  in  the  same  frequency  pattern  and 
form,  but  the  maximum  height  is  2  to  3  times  greater  than  at  2  ounces. 

With  lighter  forces  exerted  by  the  cutting  instrument,  the  steel  and  car¬ 
bide  tapered  fissure  bur  produced  similar  roughness  values,  with  their  form 
being  different ;  however,  at  8  ounces,  the  carbide  produced  a  roughness  height 
of  1,200  MU",  while  the  steel  bur  roughness  remained  in  the  range  of  400  to 
600  MU". 

Both  the  600  tapered  straight  fissure  bur  and  the  242  flame  finishing  bur 
produced  similar  surfaces  with  maximum  roughness  heights  of  75  MU"  with 
a  2-ounce  force.  The  distal  end  of  the  242  bur  produced  a  slightly  rougher 
surface  than  the  shank  end.  This  may  be  accounted  for  by  slight  eccentricities 
of  the  bur  itself  or  of  the  contra-angle. 


Pigr.  8. — Surface  roughness  produced  In  the  enamel  {right)  and  dentin  ile/t). 


Cylindrical  Abrasive  Stones. — There  is  a  moderate  degree  of  variation  on 
the  individual  surfaces  produced  by  the  green  and  white  stones,  illustrated  in 
Fig.  6.  The  green  stone  surface  cut  is  approximately  twice  as  rough  as  that 
of  the  white  stone  and  averages  about  80  MU"  in  roughness  height  (Fig.  7). 
Only  a  2-ounce  force  was  used  for  each  instrument. 

Differences  Between  Enamel  and  Dentin  Surfaces. — Since  it  was  felt  that 
there  may  be  some  differences  in  surface  irregularities  produced  by  a  given  in- 
-strument  between  enamel  and  dentin,  molar  teeth  were  sectioned  mesiodistally, 
exposing  the  dentinoenamel  junction.  The  701  steel  bur,  701  carbide,  and  small 
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tapered  diamond  were  then  used  to  cut  this  surface,  the  long  axis  of  the  instru¬ 
ment  being  in  a  cervico-occlusal  direction  and  carried  mesiodistally  across  the 
tooth  with  light  force  producing  the  surface  recorded  in  Fig.  8. 

With  the  steel  bur,  the  roughness  in  enamel  appears  about  1.5  times 
greater  and  slightly  sharper  than  in  dentin.  The  frequency  of  roughness  is 
the  same  in  both  enamel  and  dentin  and  is  similar  to  that  previously  observed 
with  the  steel  bur.  The  carbide  bur  also  appears  to  cut  enamel  to  a  depth  1.5 
times  greater  than  dentin,  and  again  the  characteristic  roughness  frequency 
and  form  are  observ’^ed.  There  appears  to  be  little  difference  in  the  maximum 
peak  heights  between  enamel  and  dentin  on  the  surface  resulting  from  the 
small  tapered  diamond  with  light  force. 

Effect  of  Increased  Speeds. — Increasing  the  cutting  speeds  from  18,000 
r.p.m.  to  170,000  r.p.m.  with  a  comparable  cylindrical  diamond  point  resulted 
in  no  detectable  difference  in  surface  roughness  with  a  2-ounce  force.  Using 
the  701  carbide  bur,  2-ounce  force  resulted  in  similar  roughness  at  both  speeds. 
As  the  force  increased  to  4  ounces,  there  was  a  corresponding  increase  in  maxi¬ 
mum  roughness  height  but,  at  8  ounces,  this  roughness  decreased.  This  de¬ 
crease  in  roughness  is  probably  due  to  the  inability  of  the  operator  to  make  a 
smooth  continuous  cut  at  this  high  speed  of  rotation  and  heavy  force.  Thus, 
it  appears  that  with  like  forces,  speed  of  rotation  is  not  a  variable  factor  in 
the  production  of  surface  irregularities,  at  least  between  these  2  speeds. 

DISCUSSION 

These  Proficorder  charts  which  depict  the  height,  spacing,  and  contour  of 
surface  irregularities  represent  a  typical  chart  selected  from  a  group  of  sur¬ 
face  recordings.  Enough  specimens  were  produced  to  establish  the  reliability 
of  the  procedures,  indicating  either  their  reproducibility  or  nonreproducibility. 

A  summary  of  the  surface  irregularities  produced  by  various  instruments 
is  shown  in  Table  I.  Only  one  commercial  product  of  each  class  of  rotating 
instruments  was  used  to  prepare  the  cut  tooth  surfaces.  A  new  steel  bur  of 
the  same  manufacturer  was  used  for  each  surface  prepared.  It  would  not  be 
unlikely  that  different  brands  of  these  same  types  of  instruments  would  pro¬ 
duce  radically  different  cut  surface  characteristics.  The  amount  of  diamond, 
the  size  of  grit,  and  area  exposed  is  known  to  vary  from  one  product  to  an¬ 
other,  as  does  the  design  of  carbide  and  steel  burs.  There  even  may  appear 
to  be  a  variation  in  surfaces  produced  by  certain  group  of  comparable  points 
or  burs  of  the  same  manufacturer.  This  may  be  the  reason  for  the  nonrepro- 
ducible  surfaces  when  using  the  701  steel  bur. 

It  is  reasonable  to  assume  that  a  cavity  preparation  with  smooth  walls 
will  allow  a  wax  pattern  to  be  formed  and  withdrawn  with  a  minimum  distor¬ 
tion.  Theoretically,  rough  cavity  walls  will  result  in  a  distortion  of  the  wax 
pattern  or  nonelastic  impression  material  with  the  resulting  inability  to  reseat 
the  casting  completely.  The  investment  material  itself  imparts  a  roughness 
to  the  casting  superimposed  upon  the  irregularities  from  the  cavity  wall;  this 
increases  the  possible  discrepancy  of  fit,  assuming  a  proper  compensation  was 
used  in  the  casting  procedure.  Preliminary  investigations  by  the  use  of  actual 
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Table  I 

SuuicABY  OF  Surface  Roughness  Produced  by  Rotating  Instruments 


2-ounce  force 

(MU") 

8-ounce  force 
(MU") 

Diamond 

Disks 

1,800 

Lightning 

120 

Carborundum 

60 

_ 

Cylindrical  Diamond  Points 

Large 

1,200 

1,200 

Medium 

2,000 

1,600 

Small 

700 

2,000 

Flame 

1,500 

700 

701  Carbide 

Burs 

500 

1,200 

701  Steel 

400-600 

400-600 

600  Steel 

75 

_ 

Cylindrical  Abrasive  Stones 

Green 

80 

White 

40 

— 

castings  made  from  cavities,  whose  walls  varied  in  the  degree  of  surface  irreg¬ 
ularity,  support  these  viewpoints.  Since  the  investment  may  impart  an  inher¬ 
ent  roughness  to  the  casting  of  as  much  as  400  MU"  with  the  particular  invest¬ 
ment  used,  it  appears  that  minimum  roughness  may  be  a  function  of  the  in¬ 
vestment  rather  than  the  instrumentation  to  the  cavity.  It  should  be  noted, 
however,  that  the  roughness  produced  by  the  investment  is  very  closely  spaced, 
similar  to  that  of  the  abrasive  stones  or  plain  fissure  bur,  while  the  roughness 
produced  by  many  other  rotating  instruments  is  much  more  widely  spaced. 

The  average  diameter  of  an  enamel  rod  is  generally  considered  to  be  4 
microns  or  160  MU".  Since  the  use  of  the  diamond  instruments  results  in 
roughness  of  about  2,000  MU",  it  is  apparent,  theoretically,  that  12  or  13  rods 
may  lose  their  own  support,  or  the  support  of  the  underlying  dentin.  At  8- 
ounce  pressure  with  a  701  carbide,  some  10  rods  may  become  unsupported. 
This  loss  of  normal  support  of  enamel  rods  results  in  weakening  of  the  cavo- 
surface  margin  with  the  tendency  toward  fracture.  This  type  of  failure  of  a 
restored  tooth  is  frequently  observed  clinically  and  may  be  due  either  to  a 
gross  undermining  of  the  enamel  or  the  more  subtle  weakening  by  the  instru¬ 
mentation  irregularities  described. 

CONCLUSIONS 

1.  The  carborundum  disk  produced  the  smoothest  disked  surface,  with  a 
roughness  of  approximately  60  MU". 

2.  Cylindrical  diamond  points  produced  surfaces  with  the  maximum  rough¬ 
ness  heights  ranging  from  800  to  2,000  MU".  Diamond  point  size  and  force 
exerted  upon  it  appear  to  act  independently  in  the  roughness  produced. 

3.  The  701  steel  and  carbide  burs  produce  similar  roughness  values  of 
about  400  MU"  with  a  2-ounce  force.  Increasing  the  force  to  8  ounces  in¬ 
creases  roughness  slightly  with  the  steel  bur  and  triples  the  roughness  pro¬ 
duced  by  the  carbide. 
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4.  The  600  steel  tapered  finishing  bur  produces  a  relatively  smooth  sur¬ 
face  of  about  75  MU". 

5.  The  white  finishing  stone  results  in  roughness  of  about  40  MU"  or  one 
half  that  produced  by  the  green  stone. 

6.  Light  force  results  in  1.5  times  greater  penetration  of  the  cutting  blades 
into  the  enamel  than  in  dentin  for  both  steel  and  carbide  tapered  cross-cut 
fissure  burs.  The  small  tapered  diamond  appears  to  cause  little  difference  in 
penetration. 

7.  Increased  cutting  speeds  from  18,000  r.p.m.  to  170,000  r.p.m.  with  com¬ 
parable  diamond  and  carbide  instruments  resulted  in  no  detectable  difference 
in  surface  roughness  with  a  2-ounce  force. 

The  authors  wish  to  acknowledge  the  assistance  of  Mr.  Arnold  Hartz  and  Mr.  Charles 
Good  for  their  aid  in  preparing  specimens  and  Proficorder  charts,  respectively. 
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THE  EFFECT  OF  SURFACE  AREA  ON  THE  HYGROSCOPIC  SETTING 
EXPANSION  AND  STRENGTH  OF  CASTING  INVESTMENTS 

JOAN  A.  DONNISON,  M.Sc.,  M.  P.  CHONG,  AND  A.  B.  DOCKING,  M.Sc. 
Commonwealth  Bureau  of  Dental  Standards,  Melbourne,  Australia 

INTRODUCTION 

IT  HAS  been  shown  that  the  particle  size  of  the  refractory  in  the  investment 
has  some  influence  on  hygroscopic  expansion,  other  conditions  (except  set¬ 
ting  time)  being  constant.^  It  was  decided  to  measure  this  effect  quantita¬ 
tively  and  at  the  same  time  to  determine  whether  any  change  in  hygroscopic 
expansion,  resulting  from  varying  the  particle  size,  could  be  explained  on  the 
basis  of  a  simultaneous  alteration  of  strength  as  suggested  by  Lyon,  Dickson, 
and  Schoonover.® 

MATERIALS 

In  the  first  series  of  experiments,  the  experimental  investments  used  were 
based  on  a  supply  of  crushed  quartz  which  had  been  graded  into  particle 
size  fractions  ranging  from  coarse  material  retained  on  a  No.  10  British  Stand¬ 
ard  mesh  sieve  to  fine  material  passing  No.  200  mesh. 

In  order  to  check  whether  silica  plays  some  specific  part  in  hygroscopic 
expansion,  the  experiments  were  repeated  using  a  presumably  inert  material, 
galena.  This  mineral  was  chosen  partly  because  of  its  great  dissimilarity  to 
quartz  both  in  respect  to  its  chemical  nature  and  particle  shape. 

To  prepare  the  investments  containing  quartz  as  the  refractory,  70  parts 
of  each  quartz  fraction  were  thoroughly  mixed  with  30  parts  of  a  laboratory 
plaster  having  a  Gillmore  initial  setting  time  of  30  minutes  at  a  water  :powder 
ratio  of  0.50.  The  setting  time  of  the  resulting  investments  at  a  water  ipowder 
ratio  suitable  for  all  (0.30)  ranged  from  15  to  5  minutes,  decreasing  as  the 
quartz  size  was  reduced  from  -I-IO  to  -200  mesh.  The  setting  time  of  the 
galena  mixtures  varied  between  10  and  14i/^  minutes,  when  also  tested  at  a 
water  ipowder  ratio  of  0.30. 

EXPERIMENTAL 

Unrestricted  normal  and  hygroscopic  setting  expansions  were  determined 
by  supporting  the  investment  on  a  bath  of  mercury.®  In  one  series  of  experi¬ 
ments,  the  floating  investment  specimen  was  flooded  with  water  at  the  Gill- 
more  initial  setting  time  and,  in  the  second  series,  at  the  fixed  time  of  5  min¬ 
utes  after  the  commencement  of  mixing.  All  experimental  work  was  carried 
out  at  a  temperature  of  20°  to  22°  C. 

Presented  before  the  Dental  Materials  Group  at  the  Thirty-fourth  Annual  Meeting  of 
the  International  Association  for  Dental  Research,  St.  Louis,  Mo.,  March  24,  1966. 
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As  it  was  considered  that  the  surface  area  of  the  various  fractions  would 
be  the  most  significant  factor,  specific  surface  (area  per  unit  volume)  was 
determined  by  a  method  described  by  Carmen.*  In  this  method  the  permea¬ 
bility  of  a  bed  of  the  particles  to  a  liquid  of  known  viscosity  is  measured  and 
the  specific  surface  calculated  using  the  Kozeny  equation: 

S.  =  14  V(VKV)(e3/(l-e)2) 

where  So  =  specific  surface  (ratio  of  area  to  volume,  cm.-i) 

K  =  permeability  (linear  rate  of  flow  under  unit  hydraulic  gradient, 
cm.  sec.-i) 

V  =  kinematic  viscosity  in  stokes  (cm.®  sec.-i) 

e  =  porosity  or  fractional  free  volume  (volume  of  pore  space  per  unit 
volume  of  bed). 

The  apparatus  was  modified,  and  a  liquid  of  suitable  viscosity  chosen, 
according  to  the  demands  of  the  particle  size.  For  the  coarser  particles  with 
a  specific  surface  less  than  1000  cm.”^  the  apparatus  shown  in  Fig.  1  was  used. 
The  material  constituting  the  bed  is  packed  in  the  tube  A  bn  metal  gauze  B 
supported  by  a  loosely-wound  spiral  C.  D  is  the  manometer  arm  and  E  the 
tap  which  controls  the  rate  of  fiow.  The  dimensions  of  A  are  varied  according 
to  the  size  of  the  particles  and  the  viscosity  of  the  liquid.  To  maintain  a  con¬ 
stant  head  of  liquid  in  A,  the  device  illustrated  is  used.  Air-bubbles  enter  the 
tube  F  and  displace  liquid  through  the  tube  G,  so  that  the  level  of  the  liquid 
remains  constant. 

For  the  finer  particles,  a  very  long  time  is  required  to  obtain  the  permea¬ 
bility  of  a  bed,  even  when  only  1.5  cm.  in  thickness,  if  the  liquid  is  allowed  to 
flow  through  under  its  own  head.  In  such  cases  the  constant  head  device  is 
removed  and  the  outlet  from  tap  E  connected  to  a  vacuum  pump  and  manometer 
as  illustrated  in  Fig.  2. 

The  compressive  strength  of  the  experimental  investments  described  was 
determined  1  hour  after  the  commencement  of  mixing  and  tests  were  also  car¬ 
ried  out  on  cubes  which  were  immersed  in  water  5  minutes  after  mixing  and 
left  there  until  ready  to  crush. 


RESULTS  AND  DISCUSSION 

A  range  of  specific  surfaces  from  70  cm."*  for  the  coarsest  to  13,800  em.~* 
for  the  finest  was  obtained  for  the  various  fractions  of  quartz  particles  tested. 
These  figures  may  be  compared  with  those  obtained  on  the  refractory  material 
extracted  from  the  following  investments  (all  of  which  substantially  pass 
through  No.  200  mesh) : 


R.  &  R.  Hygroscopic  (U.S.) 
Kerr  Cristobalite  (U.S.) 

Calsite  Inlay  (British) 

Investo  Superfine  (Australian) 


20,100  cm.-* 
17,300 
10,000 
8,200 


The  5  fractions  of  galena  particles  covered  a  much  smaller  range  of  spe¬ 
cific  surface,  namely,  from  800  to  6,000  cm."* 
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It  was  found  that  the  unrestricted  hygroscopic  setting  expansion  as  deter¬ 
mined  on  the  mercury  bath  increased  with  increase  in  surface  area  of  the 
quartz.  From  Fig.  3  it  will  be  seen  that  the  increase  in  hygroscopic  expansion 


Figr.  1. 


Pig.  2. 


Fig.  1. — Permeability  apparatus  for  determining  specific  surface. 
Fig.  2. — Permeability  apparatus  adapted  for  fine  particles. 


with  increasing  specific  surface  is  most  marked  with  the  coarser  grain  sizes, 
but  the  rate  of  increase  is  not  maintained,  with  the  result  that,  where  the 
specific  surface  is  in  excess  of  8,000  cm."^,  as  is  usually  the  case  with  com¬ 
mercial  investments,  the  effect  of  varying  particle  size  is  relatively  small. 


HYGROSCOPIC  setting  EXPANSON  (PERCENT) 


Fig.  3. — Variation  of  hygroscopic  and  normal  setting  expansion  (unrestricted)  with  specific 

area  of  quartz  particles. 


Fig.  4. — Hygroscopic  setting  expansion  plotted  against  specific  surface  on  a  logarithmic  scale. 
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The  curve  for  the  unrestricted  normal  setting  expansion  (without  addition  of 
water)  is  also  included  and  it  will  be  noted  that  there  is  a  similar  relative 
increase  with  increasing  specific  surface. 

Analysis  of  these  results  showed  that  the  hygroscopic  expansion  obtained 
when  water  was  added  at  the  Gillmore  initial  setting  time  varied  linearly  with 
the  logarithm  of  the  specific  surface  (Fig.  4).  However,  when  the  water  was 
added  at  5  minutes  after  mixing,  a  linear  relationship  was  not  obtained  with 
any  logarithmic  plot. 

The  results  obtained  for  strength  at  1  hour  are  shown  in  Fig.  5  from 
which  it  will  be  seen  not  only  that  the  test  specimens  immersed  in  water 


FIgr.  5. — Variation  of  1-hour  compressive  strength  with  specific  surface. 


exhibited,  as  expected,  somewhat  lower  compressive  strengths  than  the  corre¬ 
sponding  dry  specimens,  but  that  there  is  a  definite  and  regular  increase  in 
compressive  strength  as  the  particle  size  of  the  refractory  is  reduced.  It 
is  obvious  that  the  higher  hygroscopic  expansion  obtained  with  the  finer  par¬ 
ticles  cannot  be  accounted  for  on  the  basis  of  reduced  mechanical  strength  for 
the  reverse  is  the  case.  This  result  therefore  does  not  lend  support  to  the 
suggestion  of  Lyon,  Dickson,  and  Schoonover*  that  the  increased  hygroscopic 
expansion  obtained  by  mixing  “inert”  materials  with  plaster  or  stone  is  essen¬ 
tially  the  result  of  the  mechanical  weakening  of  the  structure. 

Although  the  coarsest  grade  of  quartz  gave  a  setting  time  of  14  minutes, 
the  setting  times  for  the  other  fractions  fell  in  the  narrow  range  of  7  to  5 
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minutes  and  this  seems  to  preclude  an  explanation  of  the  results  merely  on 
the  basis  of  a  decrease  in  the  setting  time.  Even  when  the  setting  time  of  the 
investment  containing  the  coarsest  grade  of  quartz  was  adjusted  to  approxi¬ 
mately  6  minutes  by  the  addition  of  0.5  per  cent  gypsum,  the  resulting  setting 
and  hygroscopic  expansions  were  not  increased. 

The  results  obtained  with  galena  are  illustrated  in  Fig.  6  and  again  an 
increase  in  both  hygroscopic  expansion  and  strength  with  decreasing  particle 
size  is  shoAvn.  As  was  the  case  with  quartz,  it  was  found  that  the  hygroscopic 
expansion  with  immersion  at  the  setting  time  (but  not  at  5  minutes)  varied 
linearly  with  the  logarithm  of  the  specific  surface. 


Pig.  6. — Hygroscopic  expansion  and  compressive  strength  data  for  galena  particles. 


Under  the  conditions  of  test  the  compressive  strength  of  the  galena  mix¬ 
tures  used  appears  to  vary  linearly  with  specific  surface  which  was  not  the 
case  with  quartz  mixtures. 

CONCLUSIONS 

Hygroscopic  setting  expansion  of  casting  investment  increases  with  de¬ 
creasing  particle  size  of  the  refractory  but  the  variation  is  relatively  small 
within  the  range  of  fine  powders  used  in  commercial  dental  investments.  The 
strength  of  investments  also  increases  with  increase  in  specific  area,  hence,  in 
this  instance,  the  greater  hygroscopic  expansion  cannot  be  explained  on  the 
basis  of  weaker  mechanical  structure. 
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Replacing  quartz  by  an  entirely  different  material  (galena)  gives  a  simi¬ 
lar  picture  in  regard  to  variation  of  hygroscopic  expansion  and  strength  with 
specific  surface.  This  would  suggest  that  silica  may  not  play  any  specific  role 
in  regard  to  the  hygroscopic  behaviour  of  dental  investments. 
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THE  RELATIONSHIP  OF  HYGROSCOPIC  TO  NORMAL  SETTING 
EXPANSION  OP  CASTING  INVESTMENTS 
A.  R.  DOCKING,  M.Sc. 

Commonwealth  Bureau  of  Dental  Standards,  Melbourne,  Australia 
DEFINITION  AJJD  METHOD 

The  magnitude  of  the  expansion  obtained  when  a  dental  casting  investment 
sets  depends  greatly  on  the  method  of  confining  the  specimen,^  the  times  at 
which  measurements  are  made^  and,  in  the  case  of  hygroscopic  expansion,  the 
amoimt  of  water  added®  and  the  time  of  addition.®*  *  It  must  be  understood, 
therefore,  that  the  conclusions  of  the  present  study  can  strictly  apply  only  to 
expansions  as  defined  or  measured  therein. 

In  this  investigation,  the  measured  expansions,  both  normal  and  hygro¬ 
scopic,  may  be  described  as  “effective”  in  that  they  occurred  after  the  investment 
had  developed  a  certain  degree  of  strength  and  rigidity  which,  for  want  of  a 
better  criterion,  is  judged  by  the  ability  of  the  specimen  to  support  an  “initial” 
Gillmore  needle.  Hence  much  of  the  immediate  and  pronounced  expansion  ob¬ 
tained  on  the  addition  of  water  to  semisolid  investment  is  not  recorded  but, 
from  the  practical  point  of  view,  little  of  this  would  be  effective  in  expanding 
the  cavity  made  by  the  wax  pattern  when  invested  in  the  inlay  ring. 

For  the  purposes  of  this  investigation,  setting  expansion  is  defined  as  the 
linear  expansion  that  occurs  in  an  investment  in  the  period  between  its  Gillmore 
initial  setting  time  and  2  hours  later,  the  specimen  being  supported  in  a  metal 
trough  lined  with  waxed  paper.  This  is  the  method  specified  in  Australian 
Dental  Standards  for  laboratory  plaster  and  artificial  stone,  and  it  has  been 
used  for  many  years  for  the  routine  and  investigational  testing  of  gypsum  prod¬ 
ucts  including  investments. 

More  recently  it  was  necessary  to  adopt  an  extra  test  for  investments  to 
give  some  idea  of  their  response  in  practice  to  the  hygroscopic  technic;  for  this 
purpose  the  trough  was  lined  with  wet  asbestos  instead  of  layers  of  waxed  paper 
and  the  mixed  investment  specimen  was  fiooded  with  water  at  room  temperature 
(20°-25°  C.),  3  minutes  after  the  commencement  of  mixing.  The  hygroscopic 
setting  expansion  is  taken  as  the  linear  expansion  that  occurs  under  these  con¬ 
ditions  over  a  period  of  2  hours  from  the  Gillmore  initial  set  of  the  normal  in¬ 
vestment. 

RESULTS 

An  analysis  of  the  results  obtained  by  these  means  on  a  variety  of  invest¬ 
ments  indicated  that  those  which  responded  well  to  the  hygroscopic  conditions 
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also  gave  relatively  high  setting  expansions  when  tested  in  the  normal  manner. 
The  hygroscopic  setting  method  was  thereupon  applied  to  a  variety  of  impres¬ 
sion  plasters,  laboratory  plasters,  and  artificial  stones  and  it  was  found  that,  in 
general,  the  same  principle  held — notwithstanding  the  fact  that  they  represented 
a  very  wide  range  of  water/powder  ratios,  setting  times,  and  strengths. 

In  Fig.  1  effective  hygroscopic  setting  expansion  is  plotted  against  normal 
setting  expansion,  the  points  for  investments  being  distinguished  from  those  for 
other  gypsum  products.  The  relationship  between  the  2  expansions  tends  to  be 
linear,  although  it  would  not  be  feasible  to  predict  with  any  degree  of  certainty 
the  actual  hygroscopic  expansion  of  any  particular  product  from  a  knowledge  of 
its  ordinary  setting  expansion.  The  high  correlation  coefficient,  r  =  0.94,  given 
by  the  results  is  strongly  indicative  of  linear  regression.  For  every  product 


NORMAL  SETTING  EXPANSION  (PER  CENt) 

Fig.  1. — Experimental  data  showing  relaUon  between  hygroscopic  and  normal  setting  expan¬ 
sions. 

tested,  whether  straight  plaster  or  investment  mixture,  the  hygroscopic  expan¬ 
sion  was  distinctly  greater  than  the  normal  setting  expansion,  in  most  instances 
being  approximately  double  the  latter  value. 

No  correlation  could  be  found  between  the  hygroscopic  setting  expansions  • 
of  the  products  tested  and  their  compressive  strengths,  which  suggests  that  the 
mechanical  properties  play  a  less  important  part  in  the  hygroscopic  setting 
process  than  would  be  indicated  by  the  conclusions  of  I^yon,  Dickson,  and 
Schoonover,®  and  J0rgensen.® 

DISCUSSION 

The  results  lend  support  to  the  proposition  that  hygroscopic  expansion  is 
essentially  a  continuation  of  the  ordinary  setting  process.  The  difference  in 


i 
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magnitude  is  believed  by  those  who  favor  this  hypothesis®’  ®  to  be  due  to  the  fact 
that,  in  the  former  case,  adequate  water  is  made  available  to  the  setting  invest¬ 
ment  permitting  further  hydration,  whereas  under  the  normal  conditions  the 
intercrystalline  spaces  soon  become  depleted  of  water,  which  limits  or  retards 
the  setting  process.  Water  in  excess  of  that  required  to  convert  the  hemihydrate 
to  gypsum  is  always  present  in  an  investment  mix  but  apparently  its  availability 
is  affected  in  some  way,  particularly  in  the  presence  of  large  proportions  of 
refractory  powders. 

Ryge  and  Fairhurst^  have  thrown  doubt  on  this  explanation  for  they  have 
shown  from  x-ray  diffraction  data  that  the  normal  and  hygroscopic  hydration 
processes  are  essentially  the  same.  It  is  certainly  difficult  to  explain  on  the 
basis  of  hydration  the  rapid  increase  in  the  dimensions  of  an  investment  speci¬ 
men  that  takes  place  immediately  upon  the  addition  of  water  but,  in  the  present 
study,  this  spontaneous  effect  would  occur  well  before  expansion  readings  were 
commenced. 

CONCLUSIONS 

This  investigation  suggests  that  there  is  some  connection  between  the  ordi¬ 
nary  and  hygroscopic  setting  processes,  or,  perhaps  more  correctly,  that  the  fac¬ 
tors  influencing  the  degree  of  hygroscopic  expansion  influence  the  ordinary  set¬ 
ting  expansion  in  a  similar  manner. 

From  a  practical  point  of  view,  the  results  suggest  that  the  effective  hy¬ 
groscopic  expansion  of  an  investment  may  be  augmented  by  adopting  modifica¬ 
tions  that  are  known  to  increase  the  magnitude  of  the  ordinary  setting  expansion. 
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STUDIES  ON  THE  SOLUBILITY  OF  CERTAIN  DENTAL  MATERIALS 

RICHARD  D.  NORMAN,  MARJORIE  L.  SWARTZ,  AND  RALPH  W.  PHILLIPS 
Department  of  Dental  Materials,  Indiana  University  School  of  Dentistry,  Indianapolis,  Ind. 

ONE  of  the  important  considerations  associated  with  the  selection  and  use 
of  any  dental  material  is  its  solubility  in  oral  fluids.  The  most  common 
laboratory  test  for  solubility  is  the  measurement  of  disintegration  in  distilled 
water,  as  outlined  in  A.D.A.  Specifications  8  and  9.  Using  this  test,  one  study  on 
silicate  cement  showed  a  gradual  decrease  in  solubility  with  time.^  It  has  been 
suggested  that  these  observations  are  not  corroborated  in  the  clinical  restoration 
and  that  durability  may  be  dependent  upon  a  number  of  unknown  factors. 
Henschel,®  in  a  clinical  survey,  noted  that  the  lingual  and  labial  areas  of  silicate 
restorations  which  are  exposed  to  the  greatest  washing  action  of  the  saliva,  as 
well  as  the  most  mechanical  wear,  remain  relatively  intact,  most  disintegration 
occurring  adjacent  to  gingival  areas  where  debris  and  food  plaques  collect.  It 
is  also  recognized  that  in  spite  of  the  low  solubility  of  zinc  phosphate  cement  in 
distilled  w’ater,  deterioration  of  the  thin  layer  surrounding  the  casting  is  com¬ 
mon.® 

Even  though  water  is  a  primary  constituent  of  saliva,  other  factors  appear 
to  contribute  to  the  disintegration  of  dental  cements.  Since  the  greatest  solution 
of  silicate  restorations  does  occur  in  regions  susceptible  to  the  formation  of  food 
plaques,  organic  acids  could  be  responsible  for  at  least  a  portion  of  the  clinical 
dissolution  of  these  materials.  Voelker  demonstrated  the  solubility  of  different 
silicate  cements  to  be  3  times  greater  in  a  1  per  cent  lactic  acid  solution  than 
in  distilled  water*  and  Rosthj®  noted  that  silicates  were  more  soluble  in  lactic 
than  in  acetic  acid.  These  studies,  involved  a  limited  number  of  specimens,  did 
not  include  many  variables  which  may  well  be  associated  with  solubility,  and 
the  composition  of  the  restorative  materials,  themselves,  have  been  altered 
considerably  since  this  early  work.  Hence  this  present  study  was  designed  to 
investigate  the  effects  of  certain  of  these  variables  on  the  solubility  of  zinc 
phosphate  and  silicate  cements. 


PROCEDURE 

Three  commercial  brands  of  zinc  phosphate  cement  and  2  silicates  were 
employed  in  the  study.  The  consistency  at  which  they  were  tested  was  es¬ 
tablished  by  a  modification  of  the  A.D.A.  slump  test  for  silicates  and  zinc  phos¬ 
phate  cement.  Various  methods  of  fabricating  the  specimens  were  tried  and 
the  following  procedure  evolved. 


This  research  supported  in  part  by  a  ?raiit  from  the  Medical  Research  and  Development 
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A  circle,  10.4  mm.  diameter,  was  etched  on  a  glass  plate.  A  given  quantity 
of  cement  was  then  dropped  in  this  area.  A  stainless  steel  wire  was  immedi¬ 
ately  inserted  in  the  tablet.  This  wire  was  used  to  suspend  the  specimen  in  the 
test  solution.  Experiments  indicated  that  specimen  size  could  be  adequately 
controlled  by  this  procedure.  Calculation  of  the  surface  area  of  60  individual 
specimens  was  computed  and  the  mean  found  to  be  229  sq.  mm.  The  standard 
deviation  in  individual  specimens  was  ±0.37  per  cent  which  is  less  than  the  1.0 
per  cent  deviation  permitted  in  the  A.D.A.  specification  test  with  zinc  phosphate 
cement.  The  stainless  steel  wires  were  quite  satisfactory  for  suspending  the 
specimens,  as  shown  by  the  fact  that  the  weight  loss  of  a  group  of  35  wires 
was  negligible  when  used  over  300  times. 

Solutions  of  acetic  acid,  lactic  acid,  and  citric  acid  of  pH  4.0  and  pH  5.0 
were  prepared.  Ammonium  hydroxide  solutions  at  pH  8.0  and  glass  distilled 
water  having  a  pH  of  6.0  were  also  included  in  the  study.  The  acids  and  the 
ammonium  hydroxide  solutions  were  buffered.  Preliminary  work  with  zinc 
phosphate  cement  revealed  that  the  pH  of  the  various  unbuffered  solutions  was 
altered  very  rapidly  by  the  products  of  dissolution ;  hence  to  evaluate  the  effects 
of  pH,  per  se,  on  solubility  it’  was  necessary  to  use  buffered  solutions. 

Solutions  of  different  molarity  were  also  studied  in  relation  to  pH  stability. 
The  0.001  molar  solution  maintained  pH  relatively  well  and  of  the  concentra¬ 
tions  tested  appeared  to  be  the  most  practical  for  use  in  this  series  of  tests.  The 
solutions  were  protected  from  growth  of  microorganisms  by  the  addition  of  3 
ml.  of  5  per  cent  thymol  per  2  L.  of  solution. 

Ten  minutes  after  the  mix  was  started  the  specimens  were  placed  in  a 
humidifier,  stored  for  50  minutes,  then  removed  and  weighed.  Specimens 
deviating  from  the  prescribed  weights  were  discarded  even  though  preliminary 
tests  had  shown  that  weight  of  material  could  be  doubled  without  markedly 
altering  the  surface  area  or  measurably  affecting  the  solubility.  Each  specimen 
was  attached  to  a  watch  glass  by  means  of  the  steel  wire  and  suspended  in 
25  ml.  of  the  appropriate  test  solution  contained  in  a  No.  2  Coor’s  crucible.  The 
crucibles  were  stored  in  a  constant  temperature  oven  at  37°  C.  for  the  designated 
period.  At  the  end  of  the  storage  period  the  specimens  were  removed  from  the 
crucibles  and  both  the  wire  and  samples  carefully  rinsed  with  glass  distilled 
water. 

The  crucibles  were  then  evaporated  on  a  steam  bath.  Light  streams  of 
compressed  air  were  directed  on  each  crucible  to  prevent  splattering  of  the 
residue  during  drying  and  to  expedite  the  evaporation  process.  The  dried 
crucibles  were  brought  to  constant  temperature  in  an  oven  held  at  110°  C. 
The  amount  of  residue  was  determined  gravimetrically.  Controls,  consisting  of 
crucibles  containig  25  ml.  of  test  solution,  were  run  with  each  group  of  speci¬ 
mens.  The  quantities  of  material  actually  dissoved  from  the  test  specimens 
were  determined  by  subtracting  the  weight  of  residue  left  by  the  buffers  of 
the  controls  from  the  amount  of  residue  contained  in  the  test  crucibles. 

Standard  gravimetric  procedures  were  used.  An  analytical  balance  with 
an  accuracy  of  ±0.1  mg.  was  employed  and  glass  distilled  water  used  throughout. 
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It  was  felt  that  the  brands  of  materials  selected  were  representative  of 
those  now  available.  The  materials  were  purchased  on  the  open  market  and 
the  manipulative  procedures  carefully  standardized.  The  results  given  here 
are  the  .  lean  data  obtained  from  tests  utilizing  approximately  2,500  individual 
specimens. 

RESULTS 

The  Effect  of  Type  and  pH  of  Solution. — The  amount  of  disintegration 
of  specimens  stored  for  24  hours  in  the  various  media  was  determined  as  well 
as  the  solubility  in  the  same  media  over  a  7-day  period.  These  results  were 
compared  with  those  obtained  with  distilled  water. 

The  results  of  tests  with  zinc  phosphate  cement  appear  in  Table  I.  The 
solubility  of  these  materials  in  water  was  of  the  magnitude  generally  reported 
for  this  media.  With  the  exception  of  those  specimens  placed  in  pH  5.0  acetic 
acid,  the  zinc  phosphate  specimens  were  considerably  more  soluble  in  the  organic 
acids  than  in  distilled  water.  The  effects  of  citric  acid  were  particularly  dra¬ 
matic,  some  of  the  materials  tested  being  50  to  60  times  more  soluble  in  this 
media  than  in  distilled  water. 

The  magnitude  of  the  differences  in  the  solubility  of  specimens  stored  for  1 
day  and  those  stored  for  1  week,  in  the  same  solution,  would  indicate  that  little 
dissolution  occurred  after  the  initial  24  hours. 

Table  I 

Zinc  Phosphate  Cement 
Per  Cent  Solubility 

(SOLUTION  not  changed) 


MEDIA 

1  S.  S.  WHITE  I 

1  CAULK  j 

1  FLECK 

1  24  HR.  1 

1  WK. 

1  24  HR.  1 

1  WK. 

1  24  HR. 

1  1  WK. 

Water 

pH6 

0.10 

0.16 

0.20 

0.09 

0.13 

0.11 

Lactic  acid 

pH4 

1.21 

1.27 

0.76 

1.00 

pH5 

1.12 

•  0.98 

0.65 

1.34 

Acetic  acid 

pH4 

1.56 

0.74 

1.16 

0.78 

0.92 

0.67 

pH5 

0.25 

0.11 

0.19 

0.12 

0.11 

0.09 

Citric  acid 

pH4 

4.77 

6.17 

5.92 

6.36 

5.22 

5.16 

pH5 

1.88 

5.60 

3.28 

4.68 

3.00 

3.77 

Ammonium 

hydroxide 

pH8 

0.27 

0.47 

0.39 

0.34 

Generally  the  materials  were  not  as  soluble  in  the  pH  5.0  solutions  as  in 
the  pH  4.0.  There  was,  however,  little  difference  in  those  stored  in  the  lactic 
acid  solutions.  Some  solution  did  occur  in  the  pH  8.0  ammonium  hydroxide 
solution. 

The  results  of  comparable  tests  made  with  silicate  cements  appear  in 
Table  II.  The  solubility  of  the  silicates  in  distilled  water  was  approximately 
1  i)er  cent.  Specimens  stored  in  acetic  and  lactic  acid  exhibited  no  greater 
dissolution  than  those  stored  in  distilled  water.  Both  brands  of  silicate  tested 
showred  marked  solubility  in  the  citric  acid  solutions.  Generally  it  could  be  said 
that  the  solubility  of  silicate  cements  was  less  in  pH  5.0  solutions  of  organic 
acids  than  in  pH  4.0  solutions. 
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A  comparison  of  the  24-hour  and  1-week  data  would  also  suggest  that  in 
distilled  water,  and  the  organic  acids  of  pH  4.0,  most  of  the  solution  occurs 
within  the  first  24  hours.  As  the  pH  of  the  organic  acids  was  increased,  the 
rate  of  solution  was  somewhat  retarded,  with  about  50  per  cent  occurring 
during  the  first  day  and  the  remainder  occurring  over  the  following  6  days. 

Table  II 

SiucATE  Cement 
Pee  Cent  Solubility 

(SOLUTION  NOT  CHANGED) 


s.  s. 

WHITE 

CAULK 

MEDIA 

24  HE. 

1  1  WK. 

24  HR.  1 

1  WK. 

Water 

pH6 

0.91 

1.00 

0.98 

1.24 

Lactic  acid 

pH4 

0.85 

0.65 

0.95 

0.85 

pH5 

0.19 

0.30 

0.27 

0.55 

Acetic  acid 

pH4 

1.03 

1.29 

1.35 

1.30 

pH5 

0.49 

1.06 

0.76 

0.95 

Citric  acid 

pH4 

5.34 

10.18 

5.12 

11.09 

Ammonium 

pH5 

5.60 

7.74 

5.33 

7.76 

hydroxide 

pH8 

1.11 

1.32 

Uoetie  Acid  pH4 
Loctic  AcKi  PH5 


B  $#•«.  to  MMM  MtottoH 
^  tpt.  to  frMli  MtoltoM 


Acetic  Acid 


Aectie  Acid  pHS 
Ctric  ACS)  PH4 
Cilric  Acid  PHS 


NH4OH  pH8  I 
H,0  PH6  L 


O  2  4  4  4  W  It  M  M  24  24  24  30  32 

X  Solubility' 

Fig.  1. — Zinc  phosphate  cement  (one  week  solubility). 


Effect  of  Immersion  Time. — In  the  previous  tests  the  quantities  of  material 
leached  from  specimens  stored  in  a  given  media  for  periods  of  24  hours  or  for 
1  week  were  not  greatly  different.  Most  of  the  in  vitro  work  concerned  with 
solubility  of  cements  has  been  conducted  in  a  similar  manner,  determining  the 
amount  of  material  dissolved  in  a  given  period  with  the  storage  solutions  un¬ 
changed  during  the  test  period.  Paffenbarger,  Schoonover,  and  Souder^  in 
measuring  the  disintegration  of  12  silicates  and  1  zinc  phosphate  cement  over 
periods  ranging  from  3  to  5  weeks,  employed  fresh  solutions  weekly  and  noted 
a  decrease  in  the  solubility  of  the  materials  with  time. 

It  is  possible  that  the  prolonged  storage  times  which  are  generally  utilized 
might  tend  to  minimize  or  retard  the  solubility  of  the  cements  either  through 
saturation  or  buffering  of  the  solvent  by  the  products  of  dissolution.  Thus  the 
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solubility  of  specimens  stored  for  1  week  in  the  same  solution  was  compared 
with  that  of  another  group  stored  for  an  equal  length  of  time  but  placed  in 
fresh  solutions  each  24  hours. 

The  solubility  of  zinc  phosphate  specimens,  over  a  1-week  period,  was 
greater  when  fresh  solutions  were  employed  each  day  (Fig.  1).  The  solubility 
of  1  brand  of  cement  in  pH  5.0  acetic  acid  solution  was  increeised  almost  25 
times  when  the  solution  was  changed  each  day.  The  rate  of  dissolution  of  1 


Figr.  2. — Solubility  of  S.  S.  White  zinc  phosphate  in  various  media  (solution  chang-ed  daily). 
U«tie  Acid  PH4  (jg  H  ^ 

Loetie  ACM  pH  9  ^  □»»#€.  mMim 

Acetic  Acid  pH4 
Acetic  AcM  pH9  ^ 

Citric  ACM  PH4 
Citric  ACM  PH9 
NH4OH  pHS  B 
H,0  pH«  gj 

oteddwitieM  tetetSMst 

X  Solubiktp 

Fig.  3. — Silicate  cement  (one  week  solubility). 

brand  of  cement  in  the  various  media  over  the  1-week  period  is  shown  graphi¬ 
cally  in  Fig.  2.  There  appears  to  be  essentially  a  straight-line  relationship  be¬ 
tween  time  and  solubility. 

Comparable  tests  were  also  made  with  silicate  cements  (Fig.  3).  Although 
the  use  of  fresh  solutions  each  day  did  increase  the  accumulative  solubility  of 
these  materials,  the  effect  was  not  as  marked  as  with  the  zinc  phosphate  cements. 
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The  solubility  of  the  silicate  cements  in  acetic  acid,  lactic  acid,  and  distilled 
water  is  plotted  against  time  in  Fig.  4,  Even  though  the  solutions  were  changed 
at  24-hour  intervals,  there  was  a  decrease  in  the  rate  of  solution  at  the  end  of 
the  second  or  third  day.  These  findings  tend  to  corroborate  those  of  Paffen- 
barger.^  This  gradual  decrease  in  solubility  with  time  was  not  observed  in  the 


Fier.  4. — Solubility  of  caulk  ‘  silicate  in  various  media  (solution  changed  daily). 


Fig.  6. — Solubiiity  of  two  silicates  in  citric  acid  at  various  pH  (solution  changed  daiiy). 

tests  made  with  citric  acid  (Fig.  5).  It  is  possible  that  had  the  tests  been  con¬ 
tinued  for  a  longer  time  the  rate  of  disintegration  of  the  material  in  this  medium 
would  also  have  decreased. 

SolvhUity  and  pH  Changes  in  Media. — Both  Crowell*  and  Paffenbarger^ 
reported  changes  in  the  pH  of  distilled  water  where  silicate  had  been  stored. 
In  this  study,  the  pH  change  in  the  various  storage  media,  as  well  as  the  solu¬ 
bility,  was  determined. 
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Specimens  prepared  from  1  brand  of  zinc  phosphate  cement  were  placed 
in  pH  4.0  acetic  acid.  The  pH  of  the  solution  was  measured  and  the  quantity 
of  material  leached  from  the  specimens  determined  at  4-hour  intervals  over 
a  span  of  24  hours.  As  the  concentration  of  the  products  of  dissolution  in¬ 
creased,  the  pH  of  the  storage  medium  also  increased  (Fig.  6). 

The  pH  of  the  medium  in  which  silicate  cement  was  stored  did  not  rise 
as  far  or  rapidly  as  with  zinc  phosphate  cement  (Fig.  7).  There  was,  however, 
some  increase  in  pH  as  the  dissolution  progressed.  The  organic  acid  solutions 
in  which  the  silicates  were  immersed  for  1  week  reached  a  pH  of  approximately 
5.0  (Table  III).  Paffenbarger^  reported  the  pH  of  distilled  water  in  which 
silicate  was  stored  to  range  between  5.5  and  5.8  and  comparable  results  were 
also  obtained  in  this  study.  It  is  rather  interesting  to  note  that  the  pH  of 
the  ammonium  hydroxide  solution  was  decreased  by  the  products  of  dissolution. 


Fig.  6.  Fig.  7. 

Fig.  6. — Zinc  phosphate  cement  (solubiiity  and  pH  change  in  acetic  acid  pH  4). 

Fig.  7. — Silicate  cement  (solubility  and  pH  change  in  acetic  acid  pH  4). 

The  Products  of  Dissolution. — It  was  felt  that  some  knowledge  of  the  prod¬ 
ucts  of  dissolution  might  provide  information  relative  to  the  manner  in  which 
the  materials  were  attacked  by  the  various  solutions.  Therefore,  analyses  were 
run  on  solutions  in  which  specimens  had  been  stored  for  24  hours.  Mass  spec- 
trographic  analysis  was  employed  and  phosphate  and  flouride  analysis  made 
by  means  of  a  model  DU  spectrophotometer. 

As  would  be  anticipated,  zinc  was  leached  from  the  zinc  phosphate  cements 
in  greater  quantity  than  was  any  other  single  element.  Phosphorus,  magnesium, 
aluminum,  and  traces  of  calcium  were  also  present. 

The  solutions  in  which  the  silicates  had  been  stored  contained  relatively 
large  quantities  of  silica  as  well  as  lesser  amounts  of  phosphorus,  aluminum, 
calcium,  magnesium,  and  zinc.  Fluorine  was  also  found  in  these  solutions. 

There  was  no  difference  in  the  products  of  dissolution  of  a  given  material 
with  the  various  media  employed.  The  only  difference  was  in  the  quantity 
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Table  HI 


Silicate  Cements 

(pH  CHANGE  IN  STORAGE  MEDIA) 


MEDIA 

S.  S.  WHITE 

CAULK 

1  DAY  1  1  WK. 

1  DAY  1  1  WK. 

H,0 

pH6 

5.7 

5.7 

Lactic  acid 

pH4 

4.9 

4.9 

pH5 

5.4 

5.4 

Acetic  acid 

pH4 

4.3  5.0 

4.3  5.0 

pH5 

5.4 

5.4 

Citric  acid 

pH4 

4.7 

4.7 

pH5 

5.5 

5.3 

NH4OH 

pH8 

6.6 

6.6 

dissolved,  with  the  ratio  between  ions  remaining  relatively  constant.  It  would 
thus  appear  that  no  single  constituent  of  the  materials  was  particularly  vulner¬ 
able  to  attack  by  a  specific  organic  acid. 


DISCUSSION 

The  pernicious  effects  of  certain  organic  acids  on  zinc  phosphate  cements 
was  demonstrated.  It  was  rather  surprising  that  the  solubility  of  the  silicates 
in  some  of  these  fiuids  was  not  higher,  being  no  greater  in  acetic  or  lactic  acids 
than  in  distilled  water.  Citric  acid,  however,  produced  marked  dissolution  on 
both  silicate  and  zinc  phosphate  cements.  It  was,  of  course,  realized  that  with 
use  of  molar  solutions  the  hydrogen  ion  concentration  was  inherently  greater 
than  in  either  lactic  or  acetic  acid  solutions.  That  this  factor  was  at  least 
partially  responsible  for  some  of  the  results  obtained  in.  the  previous  tests  is 
evidenced  by  the  fact  that  when  0.001  N  citric  acid  was  employed,  the  dissolution 
of  specimens  was  only  about  one  half  that  observed  with  0.001  M  solutions. 
Nevertheless  the  solubility  was  greater  than  in  any  other  media.  It  would 
appear  that  this  increased  solubility  can  be  attributed  in  part  to  some  activity 
of  the  citrate  ion  itself  and  that  various  organic  ions  may  be  more  destructive 
than  others. 

Zinc  phosphate  cement  exhibits  a  rather  low  solubility  in  the  conventional 
laboratory  test  using  distilled  water.  Although  the  solubility  of  silicate  is 
greater  than  zinc  phosphate  cement  in  distilled  water,  zinc  phosphate  is  more 
soluble  in  organic  acids.  When  specimens  were  placed  in  fresh  solutions 
each  day,  there  was  a  definite  decrease  in  the  quantity  of  material  dis¬ 
solved  from  silicates  after  the  first  few  days,  while  the  dissolution  of  zinc  phos¬ 
phate  cement  continued  throughout  the  entire  test  period.  The  total  quantity 
of  material  dissolved  from  the  zinc  phosphate  cements  was  thus  greater  than 
that  dissolved  from  silicates.  These  results  would  certainly  suggest  that  under 
oral  conditions  where  restorations  are  constantly  being  washed  with  fluids, 
often  containing  organic  ions,  zinc  phosphate  cement  might  potentially  be  more 
soluble  than  silicate. 
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The  fact  that  both  of  the  materials  were  most  soluble  in  solutions  of  low 
pH  and  more  soluble  in  some  organic  acids  than  others  might  explain  some  of 
the  clinical  observations  regarding  the  deterioration  of  reriorations,  such  as, 
Voelker’s*  notation  of  more  rapid  deterioration  of  silicates  in  areas  where  food 
plaques  and  debris  collected.  The  results  of  the  survey  conducted  by  Paffen- 
barger^  indicated  the  “life”  of  silicate  restorations  varied  greatly.  The  dura¬ 
bility  of  the  fillings  appeared  related  to  the  location  of  the  restoration,  the 
life  of  Class  V  restorations  which  extended  under  the  gingiva  seemed  to  be 
appreciably  reduced.  These  observations  together  with  these  labt  ratory  tests 
suggest  that  although  the  durability  of  the  clinical  restoration  is  dependent  on 
many  factors,  such  as  diet,  bacterial  fiora  of  the  mouth,  etc.,  basically  it  is 
related  to  the  type  and  pH  of  the  acids  to  which  it  is  exposed. 

The  pH  of  the  storage  media  is  altered  rather  rapidly  by  the  products  of 
dissolution  and  tends  to  inhibit  the  solution  of  the  materials  when  prolonged 
storage  times  are  used.  Thus,  although  storing  specimens  for  a  given  length 
of  time  in  distilled  water  undoubtedly  affords  a  foundation  for  comparing  the 
solubility  of  various  brands  of  a  given  material  it  probably  does  not  provide 
adequate  basis  for  comparison  of  different  types  of  materials. 

SUMMARY 

The  solubility  of  zinc  phosphate  and  silicate  cement  in  acids,  pH  of  the 
media,  and  length  of  storage  time  were  investigated. 

Generally  the  materials  were  more  soluble  in  dilute  organic  acids  than  in  ■ 
distilled  water,  A  rather  gross  solution  of  both  zinc  phosphate  and  silicate 
cements  was  incurred  by  storage  in  citric  acid  solutions.  There  was  more  dis¬ 
solution  of  the  materials  in  pH  4.0  than  in  pH  5.0  solutions. 

The  dissolution  of  cements  tends  to  be  minimized  by  tests  utilizing  pro¬ 
longed  storage  in  the  same  media.  Zinc  phosphate  cements  were  markedly  more 
soluble  than  silicate  cements  over  a  1-week  period  when  the  specimens  were 
placed  in  fresh  solutions  each  24  hours. 
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STRENGTH  AND  PHASE  FORMATION  OF  DENTAL  AMALGAM 

GUNNAR  RYGE,  D.D.S.,  R.F.  TELFORD,  D.D.S.,  AND  C.  W.  FAIRHURST 
Department  of  Dental  Materials,  Marquette  University  School  of  Dentistry,  Milwaukee,  Wis.  < 

X-RAY  diffraction  studies  of  dental  amalgam  have  been  carried  out  by 
Gayler,^  Troiano,®  Stenbeck,®  Ryge,^  and  Mitchell®  and  various  theories 
have  been  proposed  to  explain  the  reactions  occurring  during  the  setting  process 
of  dental  amalgam.  In  this  report,  further  evidence  pertaining  to  the  problems 
of  phase  formation  and  strength  will  be  presented. 

MATERIALS  AND  METHODS 

Ten  dental  amalgam  alloys  from  the  American  Dental  Association’s  list  of 
certified  dental  materials,  purchased  on  the  open  market,  were  used  for  this 
study,  together  with  a  few  model  alloys.  Furthermore,  experimental  alloys  were 
furnished  through  the  courtesy' of  the  L.  D.  Caulk  Co.  and  S.  S.  White  Co. 

Ultimate  compressive  strength  was  determined  on  cylinders  of  4  by  8  mm., 
packed  in  a  steel  mold.  The  amalgam  alloys  and  mercury  for  the  specimens 
were  weighed.  The  proportions  used  were:  5  to  7^,  5  to  8,  5  to  9,  and  5  to 
10.  Trituration,  from  5  to  60  seconds,  was  done  in  an  S.  S.  White  mechanical 
amalgamator  without  pestle.  After  amalgamation  the  amalgam  was  rolled  in 
a  cotton  squeeze  cloth  to  form  a  cylinder  of  about  3  mm.  in  chickness.  In  some 
experiments  mulling  was  done  for  45  or  90  seconds  before  the  amalgam  was 
shaped  into  a  cylinder.  For  all  specimens  used  for  this  report,  packing  of  the 
test  cylinders  was  done  in  2  steps.  The  amalgam  was  placed  in  the  mold  in 
large  increments  by  very  light  packing  with  a  4  mm.  Sweeney  plugger,  care 
being  taken  to  avoid  expression  of  mercury  at  this  stage.  The  mold  was  then 
transferred  to  a  testing  machine  and  a  load  calculated  to  produce  2,000,  5,000, 
or  8,000  pounds  per  square  inch,  was  applied  over  a  10-  to  15-second  interval 
and  then  maintained  for  60  seconds.  The  mercury  expressed  during  condensa¬ 
tion  was  carefully  collected  and  weighed. 

The  part  of  the  specimen  exceeding  8  mm.  in  length  w'as  extruded  and 
removed  by  a  razor  blade  and  weighed,  after  which  the  finished  specimen  was 
extruded  from  the  mold  and  weighed. 

From  the  weights  of  the  original  alloy  and  mercury,  the  expressed  mercury, 
the  amalgam  in  excess  of  8  mm.,  and  the  finished  sample,  it  was  possible  to 
compute  the  weight  of  mercury  and  alloy  in  the  sample,  the  per  cent  of  residual 

This  study  was  supported  in  part  by  a  prant  from  the  National  Institute  for  Dental 
Research,  National  Institutes  of  Health,  U.  S.  P.  H.  S. 
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mercury,  and  the  mercury /alloy  balance  in  the  sample.  The  residual  mercury 
computations  were  checked  by  chemical  analysis  and  were  found  to  be  exact  to 
within  per  cent. 

The  time  of  condensation  of  the  specimens  was  varied  from  3  to  9  minutes 
from  the  start  of  the  mix.  The  specimens  were  stored  at  37°  C.  until  time  of 
testing. 

METHOD  OF  TESTING 

Ultimate  compressive  strength  was  determined  using  a  universal  testing 
machine,  operating  in  the  2,500  pound  range  at  a  head  speed  of  %oo  of  an  inch 
per  minute.  This  speed  corresponds  to  a  loading  rate  of  approximately  525 
pounds  per  square  inch  per  minute.  This  specimen  preparation  and  the  testing 
conditions  used  resulted  in  strength  values  reproducible  within  1  per  cent  or 
better. 

X-ray  diffraction  studies  were  carried  out  using  powder  samples,  each  of 
which  was  made  from  screened  filings  of  3  amalgam  specimens  produced  under 
identical  conditions. 

The  identification  of  the  diffraction  lines  was  confirmed  by  comparison  with 
patterns  representing  the  pure  phases.  The  relative  intensities  of  the  3  strongest 
lines  of  each  phase  were  computed.  Best  reproducibility  was  obtained  by  slow 
scanning  and  the  data  to  be  presented  are  based  on  slow  scannings. 

RESULTS 

Relative  values  of  ultimate  compressive  strength  for  specimens  tested  after 
one-hour  and  after  one-week  storage  at  37°  C.  are  given  in  Table  I. 


Table  I 


CONDENSED 

3  MIN.  AFTER 

START  or  MIX 

CONDENSED 

9  MIN.  AFTER 

START  or  MIX 

TRITURATION 

TIME  or  ' 

1  CONDENSATION  LOAD,  PSI 

TIME 

TEST 

1  2,000  1  8,000 

Coarse  eat 
alloy* 


Fine  cut  alloy  t 


15 

1  hr. 

6 

13 

3 

10 

1  wk. 

72 

89 

56 

88 

60 

1  hr. 

8 

21 

5 

11 

1  wk. 

82 

100 

63 

92 

1  hr. 

5 

14 

3 

11 

1  wk. 

71 

80 

63 

80 

60 

1  hr. 

10 

21 

6 

16 

1  wk. 

93 

100 

83 

98 

Relative  values  (in  per  cent)  of  ultimate  compressive  strength  for  fine  and  coarse  cut 
amalgam  specimens  tested  after  1  hour  and  after  1  week  storage  at  37*  C.  Effect  of  tritura¬ 
tion  time,  condensation  load,  and  delay  in  condensation. 

*Coar8e  cut  alloy:  100%  =  55,500  psi. 
tFine  cut  alloy:  100%  =  51,500  psi. 


The  highest  strength  value  for  both  alloys  was  obtained  after  a  trituration 
of  60  seconds  with  a  condensation  load  of  8,000  psi  applied  at  3  minutes  after 
the  start  of  the  mix.  This  strength  value  was  used  for  each  alloy  as  the  100  per 
cent  value  and  the  other  strength  values  are  given  in  percentage  of  this  figure. 

The  relative  strength  values  follow  trends  which  are  to  a  certain  extent 
established  in  the  literature.  High  condensation  loads  result  in  high  strength 
values.  Extended  trituration  time  also  results  in  increased  strength,  whereas 
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delay  in  condensation  was  found  to  reduce  both  early  and  final  strength  (Table 
II).  The  reduction  in  strength  by  delay  in  condensation  is  most  pronounced 
at  low  condensation  load. 

Table  II 

Effect  of  Delay  in  Condensation  on  24  Hours  Strength 


Tncx  OF 

CONDENSATION 

(MIN.) 

CONDENSATION  LOAD,  PSI 

1  2,000 

1  5,000  1 

8,000 

3 

53,000 

6 

51,000 

9 

45,000 

50,000 

Compressive  strength  values  of  dental  amalgam  as  affected  by  delay  in  condensation 
and  by  condensation  load. 


The  effect  of  alloy /mercury  ratio  is  shown  on  Table  III.  The  increase  in 
strength  by  increased  load  is  obvious,  as  is  the  reduction  in  strength  by  delay 
in  condensation.  The  effect  of  ratio  points  toward  the  existence  of  an  optimum 
ratio  for  each  alloy,  with  a  tendency  toward  decreased  strength  both  if  the  ratio 
is  too  low  and  if  it  is  too  high.  Again,  the  effect  varies  with  condensation  load. 


Table  III 


TIME  OF  ^ 

CONDENSED 

3  MIN.  AFTER 

START  OF  MIX 

CONDENSED 

9  MIN.  AFTER 

START  OF  MIX 

1  CONDENSATION  LOAD,  PSI 

RATIO 

TEST 

1  2,000  1 

1  8,000 

1  2,000  1 

8,000 

7.5/5 

1  hr. 

1  wk. 

6 

80 

17' 

96 

3 

57 

9 

88 

Coarse  cut 

8/5 

1  hr. 

7' 

15 

4 

10 

alloy* 

1  wk. 

86 

96 

58 

91 

10/5 

1  hr. 

1  wk. 

6 

76 

14 

93 

3 

25 

9 

86 

1  hr. 

7 

16 

3 

12 

7*u/u 

1  wk. 

69 

84 

59 

80 

Pine  cut  alloy! 

8/5 

1  hr. 

1  wk. 

6-^ 

76' 

14 

92 

4 

70 

12 

88 

1  hr. 

5 

14 

2 

11 

lU/D 

1  wk. 

79 

92 

58 

82 

Relative  values  (in  per  cent)  of  ultimate  compressive  strength  for  fine  and  coarse  cut 
amalgam  tested  after  1  hour  and  aJfter  1  week  storage  at  37*  C.  Effect  of  mercury/alloy  ratio, 
condensation  load,  and  delay  in  condensation. 

*Coar8e  cut  alloy:  100%  =  65,500  psi. 
tFine  cut  alloy:  100%  =  51,500  psi. 


The  effect  of  mulling  is  shown  in  Table  IV  for  2  different  alloys.  One  of 
these  alloys  responded  favorably  to  mulling,  whereas  the  other  did  not.  On  the 
basis  of  these  and  similar  results  for  other  alloys  it  may  be  concluded  that 
mulling  has  the  effect  of  continued  trituration. 

Table  V  shows  results  of  x-ray  recordings.  Recorded  intensities  over  back¬ 
ground  for  the  strongest  line  of  each  phase  are  normalized  with  respect  to  the 
intensity  of  the  strongest  silver-tin  line  (gamma).  Low  condensation  load  re¬ 
sults  in  low  intensity  for  the  original  alloy  but  high  intensity  for  the  silver- 
mercury  phase  and  the  tin-mercury  phase.  The  quantitative  distribution  be¬ 
tween  the  silver-mercury  phase  and  the  tin-mercury  phase  could  not  be  related 
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tablb  rv 


CONDENSED 

3  MIN.  AFTER 

START  OF  MIX 

CONDENSED 

9  MIN.  AFTER 

START  OF  MIX 

MULLING 

TIME  OF 

1  CONDENSATION  LOAD,  PSI 

TIME 

1  TE3T 

1  2,000  1  8,000 

1  2,000  1  8,000 

Coarse  cut 
alloy* 


Fine  cut  alloy  t 


None 

1  hr. 

1  wk. 

7 

86 

15 

96 

4 

58 

10 

91 

90 

1  hr. 

7 

16 

4 

12 

1  wk. 

83 

96 

67 

88 

None 

1  hr. 

5 

14 

3.5 

12 

1  wk. 

68 

84 

53 

87 

90 

1  hr. 

7 

19 

5 

15 

1  wk. 

83 

94 

80 

93 

Relative  values  (in  per  cent)  of  ultimate  compressive  strength  for  fine  and  coarse  cut 
amalgam  tested  after  1  hour  and  after  1  week  storage  at  37*  C.  EMect  of  mulling  time, 
condensation  load,  and  delay  in  condensation. 

'Coarse  cut  alloy:  100%  =  65,500  psi. 
tFine  cut  alloy:  100%  =  61,500  psi. 


Table  V 


TRITURATION 

TIME 

CONDENSED  I 

3  MIN.  AFTER 

START  OF  MIX 

CONDENSED 

9  MIN.  AFTER 

START  OF  MIX 

1  CONDENSATION  LOAD,  PSI 

1  2,000  1 

8,000 

8,000 

Original 

15 

19 

92 

10 

19 

gamma 

60 

33 

100 

8 

21 

Silver-mercury 

15 

184 

162 

218 

198 

gamma  one 

60 

234 

178 

224 

172 

Tin-mercury 

15 

11 

15 

14 

20 

gamma  two 

60 

18 

20 

16 

15 

Recorded  x-ray  diffraction,  intensity  over  background,  for  the  strongest  line  of  the 
silver-tin  (gamma)  phase,  the  silver-mercury  (gamma  one)  phase,  and  the  tin-mercury 
(gamma  two)  phase  in  dental  amalgam.  All  values  are  normalized  with  respect  to  the 
intensity  of  the  strongest  silver-tin  (gamma)  line.  Effect  of  trituration  time,  condensation 
load,  and  delay  in  condensation  for  a  coarse  cut  amalgam  alloy. 

to  variations  in  condensation  load  or  trituration  time.  The  greatest  total  amount 
of  silver-mercury  and  tin-mercury  phase  appears  to  be  formed  at  low  condensa¬ 
tion  load  or  after  delayed  condensation. 

Table  VI  illustrates  these  relations  in  a  different  manner.  Here  the  intensi¬ 
ties  of  the  silver-mercury  and  tin-mercury  lines  have  been  normalized  with 
respect  to  the  intensity  of  the  original  alloy  for  each  type  of  sample;  this 
eliminates  the  effect  of  difference  between  the  amount  of  original  alloy  left  in 
the  sample  so  that  the  figures  give  a  picture  of  the  extent  of  phase  formation 
per  unit  of  original  alloy  left  in  the  sample.  The  figures  do  not  give  information 
about  the  absolute  amounts  of  the  various  phases  present  since  the  scattering 
power  of  the  various  phases  may  be  quite  different,  but  they  do  show  that  low 
condensation  load,  and  delay  in  condensation  gives  rise  to  increased  phase 
formation. 

Table  VII  gives  a  composite  picture  of  the  relations  discussed  using  4  types 
of  specimens,  of  a  fine  cut  alloy,  all  triturated  for  20  seconds.  The  condensation 
loads  were  2,000  psi  and  8,000  psi.  The  time  of  condensation  was  3  minutes  and 
9  minutes.  The  residual  mercury  content  and  the  mercury  aUoy  balance  is  seen 
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Table  VI 


TRITURATION 

TIME 

CONDENSED 

3  MIN.  AFTER 

START  OF  MIX 

CONDENSED 

9  MIN.  AFTER 

START  OP  MIX 

1  CONDENSATION  LOAD,  PSI 

8,000  1 

Original  alloy 

15 

58 

92 

125 

91 

gamina 

Silver-mercury 

15 

558 

162 

2,720 

gamma  one 

60 

710 

178 

820 

Tin-mercury 

15 

33 

15 

176 

95 

gamma  two 

60 

55 

20 

72 

Same  x-ray  diffraction  data  as  those  shown  in  Table  V.  Intensities  of  the  silver- 
mercury  (gamma  one)  and  tin-mercury  (gamma  two)  lines  have  been  normalized  with  re¬ 
spect  to  the  intensity  of  the  original  silver-tin  alloy  for  each  type  of  sample.  Figures 
illustrate  the  extent  of  phase  formation  per  unit  of  original  alloy  left  in  sample. 


to  decrease  from  left  to  right,  that  is  by  early  condensation  and  by  high  con¬ 
densation  load.  The  1-hour  and  1-week  strength  is  seen  to  increase  and,  cor¬ 
respondingly,  the  amount  of  silver-mercury  phase  formed  per  unit  of  original 
alloy  goes  down  and,  also,  the  amoimt  of  tin-mercury  phase  goes  down  by  early 
condensation  and  by  increased  condensation  load. 


Table  VII 


20  SEC. 
2,000  PSI 

AT  9  MIN. 

20  SEC. 
2,000  PSI 

AT  3  MIN. 

20  SEC. 
8,000  PSI 

AT  9  MIN. 

20  SEC. 
8,000  PSI 

AT  3  MIN. 

Residual  mercury 

59 

57 

51 

48 

Mercury  alloy  balance 

1.44 

1.34 

1.04 

.93 

1  hr.  strength 

2,300 

3,300 

6,000 

7,300 

Per  cent 

4% 

6% 

12 

14 

1  wk.  strength 

36,000 

39,000 

45,000 

47,000 

Per  cent 

69 

76 

87 

91 

■y,/Y  intensity 

2,200 

680 

290 

165 

•y»/y  intensity 

300 

90 

40 

20 

Effect  of  condensation  load  and  delay  in  condensation  on  residual  mercury  content, 
strength,  and  phase  formation  per  unit  of  original  alloy. 


Table  VIII  gives  somewhat  similar  information  for  another  alloy  but  with 
variations  in  trituration  time. 


Table  VIII 


15  SEC. 
2,000  PSI 

AT  9  MIN. 

60  SEC.  1 

2,000  PSI 

AT  3  MIN. 

15  SEC. 
8,000  PSI 

AT  9  MIN. 

60  SEC. 

^  8,000  PSI 

AT  3  MIN. 

Residual  mercury 

58 

54 

48 

46 

Mercury  alloy  loanee 

1.38 

1.18 

.93 

.86 

1  hr.  strength 

1,900 

4,600 

5,300 

11,500 

Per  cent 

3 

8 

9 

21 

1  wk.  strength 

31,000 

46,000 

48,500 

55,500 

Per  cent 

56 

83 

87 

100 

"iJy  intensity 

2,400 

865 

318 

200 

•  intensity 

175 

67 

25 

18 

Effect  of  trituration  time,  condensation  load,  and  delay  in  condensation  on  residual 
mercury  content,  strength,  and  phase  formation  per  unit  of  original  alloy. 
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CONCLUSION 

Maximum  strength  of  dental  amalgam  develops  as  a  result  of  thorough 
trituration  of  amalgam  alloy  and  mercury  in  an  optimal  ratio  followed  by  con¬ 
densation  at  highest  possible  load  at  the  earliest  possible  time  after  the  tritura¬ 
tion. 

High  condensation  load  applied  early  after  thorough  trituration  prevents 
excessive  formation  of  the  silver-mercury  and  tin-mercury  phases  and  thus 
results  in  an  optimum  balance  between  original  alloy  and  the  matrix  material. 

SUMMARY 

A  controlled  specimen  preparation  is  described  which  results  in  high  repro¬ 
ducibility  both  in  respect  to  physical  properties  and  diffraction  data. 

The  highest  strength  of  dental  amalgam  was  obtained  by  early  condensation 
at  high  condensation  load.  Specimens  produced  in  this  manner  showed  x-ray 
diffraction  evidence  of  a  maximum  of  original  alloy  and  a  minimum  of  the  silver- 
mercury  and  tin-mercury  phases. 

Strength  of  dental  amalgam  was  reduced  by  delayed  condensation  particu¬ 
larly  at  low  condensation  load.  These  conditions  also  caused  a  reduction  in  the 
amount  of  original  alloy  present  and  an  increased  phase  formation. 

The  quantitative  distribution  between  the  silver-mercury  phase  and  the  tin- 
mercury  phase  could  not  be  related  to  variations  in  condensation  load  or  tritura¬ 
tion  time. 

From  the  normalized  intensities  it  appears  that  decreased  condensation  load 
results  in  increased  phase  formation  of  both  the  silver-mercury  and  the  tin- 
mercury  phases  per  unit  of  original  alloy.  Also,  delay  in  condensation  has  this 
effect,  thus  indicating  that  the  completeness  of  the  reaction  is  furthered  by 
decreased  condensation  load,  or  by  delayed  condensation. 
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RELATIONSHIP  BETWEEN  THE  SEQUENCE  OF  CALCIFICATION 
AND  THE  SEQUENCE  OF  ERUPTION  OF  THE  MANDIBULAR  MOLAR 
AND  PREMOLAR  TEETH 

STANLEY  M.  GAEN,  A.B.,  Ph.D.,  AND  AETHUR  B.  LEWIS,  D.D.S.,  M.S. 

The  Fels  Research  Institvte,  Antioch  College,  Yellow  Springs,  Ohio 

IN  a  previous  study,  3  sequences  of  formation  were  demonstrated  for  the 
mandibular  molar  and  premolar  teeth.^  Approximately  40  per  cent  of  the 
time,  P2  definitely  preceded  M2  in  calcification.  In  38  per  cent  of  boys  and 
girls,  calcification  of  P2  and  M2  was,  as  far  as  could  be  determined,  concurrent. 
In  22  per  cent  of  cases,  M2  definitely  preceded  P2  in  dental  formation.  There 
was  considerable  evidence  that  the  sequence  of  formation  was  familial  and, 
presumably,  hereditary. 

Lacking  sequential  data  on  eruption  for  the  individuals  whose  formational 
sequences  had  been  determined,  it  was  not  possible  to  say  whether  a  child,  P2M2 
or  M2P2  in  formation,  would  exhibit  the  same  sequence  in  eruption.  Caution 
was  urged  in  extrapolating  from  formational  sequences  both  for  contemporary 
children,  and  especially  for  our  fossil  progenitors,  for  whom  the  M2P2  sequence 
has  so  often  been  reported  or  inferred.^’  ® 

Recently,  it  has  been  possible  to  extend  our  previous  studies  so  that  the 
sequence  of  formation  at  3  to  5  years  of  age  could  be  compared  to  the  sequence 
of  eruption  (in  the  same  individuals)  at  10  to  14  years.  It  is  the  purpose  of 
the  present  paper  to  consider  whether,  and  to  what  extent,  the  2  sequences  are 
identical. 

METHODS  AND  MATERIALS 

The  present  study  is  based  upon  a  total  of  16  boys  and  20  girls  who  were 
unequivocably  either  P2M2  or  M2P2  in  the  sequence  of  calcification  and,  simi¬ 
larly,  were  either  P2M2  or  M2P2  in  dental  eruption.  Approximately  300  children 
previously  studied  are  not  considered  here  because  the  sequence  of  formation 
or  eruption  was  not  definite,  because  P2  was  congenitally  lacking,  or  because 
they  were  still  too  young  to  evidence  a  definite  eruption  sequence. 

As  shown  in  Fig.  1,  a  child  was  assigned  a  P2M2  or  M2P2  sequence  of  forma¬ 
tion  if  one  tooth  was  clearly  advanced  over  the  other  in  (1)  cusp  calcification, 
(2)  coalescence  of  cusps,  or  (3)  general  crown  calcification.  (In  extreme 
cases  crown  formation  of  one  tooth  preceded  the  appearance  of  the  follicle  of 
the  other.)  Similarly,  the  eruptive  sequence  was  given  as  P2M2  or  M2P2  if  one 
tooth  was  at  the  occlusal  level,  as  determined  from  both  oblique  jaw  and 
lateral-skull  x-rays,  well  before  the  other. 

Throughout,  children  with  missing  premolars,  children  who  experienced 
early  extraction  of  Mi  or  premature  decay  and  loss  of  dm2,  were  excluded  from 
the  tabulations.  All  children  included  in  the  present  study  were  followed 
long  enough  to  ascertain  that  the  teeth  in  question  did  reach  the  occlusal  level. 

FINDINGS 

As  shown  in  Table  I,  the  majority  of  children  included  in  the  present  study 
adhered  to  the  same  sequence  in  eruption  that  the3^adT)reviously  demonstrated 
during  calcification.  Out  of  36  boys  and  girls,.^  (or  77  per  cent)  were  con¬ 
cordant  in  both  respects. 
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MgFI  FORMATION 


no  189  39  mo 


Mg^  ERUPTION 


no  268  138  mo 


no  211.  60  mo  no  211  138  mo 

Figr.  1. — Tracings  from  radio^aphs  showine  the  PsMi  and  MjPi  sequences  in  formation 
Heft)  and  attainment  of  the  occlusal  level  Above,  examtlles  of  the  PjMi  sequence 

both  In  formation  and  eruption.  Middle,  examples  of  the  MiPi  sequence  in  formation  at  39 
months,  and  In  attainment  of  the  occlusal  level  at  138  months.  Below,  Child,  No.  211,  who 
changred  from  the  MiPi  sequence  In  formation  to  the  PiM:  sequence  in  attaining  the  occlusal 
level  by  138  months. 
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However,  when  P2M2  and  M2P2  children  were  contrasted,  a  marked  dif¬ 
ference  in  pattern  consistency  was  observed.  Twenty-two  boys  and  girls  were 
P2M2  in  formation:  only  1  of  these  became  M2P2  in  eruption.  In  contrast, 

7  out  of  14  children  who  exhibited  the  M2P2  formational  sequence  shifted  to 
the  more  common  P2M2  order  of  eruption.  This  difference  in  trend  is  highly 
significant  by  the  chi-squared  test,  even  after  using  the  appropriate  correc¬ 
tion  for  continuity.^ 


Table  I 

Relationship  Between  Sequence  op  Formation  and  Sequence  op  Eruption  op  the 
Mandibular  Molar  and  Premolar  Teeth 


sequence  op  formation* 

no; 

SEQUENCE  OP 
P,M,  I 

ERUPTION  t 

M.P, 

P,M, 

22 

21 

1 

M:P, 

14 

7 

7 

•From  oblique  jaw  x-rays  at  3  to  5  years. 

tFrom  oblique  and  lateral  Jaw  plates  of  the  same  subject  at  10  to  14  yeara 


Examination  of  the  serial  oblique  jaw  x-rays  of  the  children  with  the  M2P2 
formational  sequence  revealed  that  this  sequence  was  due  to  the  early  calcifica¬ 
tion  of  M2,  rather  than  late  calcification  of  P2.  The  7  children  who  started  M2P2 
and  became  P2M2,  similarly  were  early  in  M2  formation,  but  the  initial  advantage 
in  formation  did  not  hold  and  eventually  M2  fell  behind  P2  both  in  the  sequence 
of  calcification  and  eruption. 

Because  of  the  small  number  of  children  involved,  the  proportion  of  M2P2 
individuals  who  became  P2Jil2  necessarily  remains  an  approximation. 


DISCUSSION 

The  probability  that  a  child  will  exhibit  the  same  sequence  in  tooth  forma¬ 
tion  and  tooth  emergence  depends  upon  the  sequence  of  formation.  If  it  was 
P2M2  then  in  the  majority  of  cases  we  may  expect  the  P2M2  sequence  of  erup¬ 
tion,  but  if  it  was  M2P2  we  may  expect  a  reversal  and  the  M2P2  eruption  se¬ 
quence  approximately  half  of  the  time. 

On  this  basis  we  are  even  more  puzzled  by  the  report  of  Clements,  Davies- 
Thomas,  and  Pickett*  that  the  M2P2  sequence  of  eruption  is  the  most  common 
among  English  children.  Even  if  all  of  our  M2P2  children  remained  M2P2  in 
eruption,  they  would  still  be  in  the  minority.  Allowing  approximately  5  per 
cent  of  children  wrongly  classified  as  M2P2  (in  the  absence  of  x-rays)  because 
of  congenitally  missing  second  premolars,  the  figures  of  Clements,  Davies- 
Thomas,  and  Pickett  are  still  exceptionally  high.  And,  granting  racial  dif¬ 
ferences  in  the  incidence  of  the  M2P2  and  P2M2  eruption  sequences,  the  children 
in  the  present  study  are  primarily  of  Northwest  European  origin,  and  there¬ 
fore  rea.sonably  comparable  to  the  British  children. 

As  applied  to  the  study  of  fossil  man,  it  is  obvious  that  the  sequence  of 
tooth  formation  is  not  a  certain  guide  to  the  sequence  of  eruption.  We  are 
obliged,  therefore,  to  take  exception  to  the  statement  made  by  Rohklin*  in 
reference  to  the  Neanderthal  child  from  Uzbekistan  that  “the  stage  of  tooth 
growth  still  inside  the  jaws  shows  that  their  eruption  should  occur  in  the  same 
order  as  in  modern  man.”  The  skiagrams  reproduced  in  the  Teshik-Tash  re- 
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port  indicate  a  (P2M2)  sequence  of  formation,  and  though  the  P2M2  sequence 
of  eruption  would  be  likely,  the  possibility  of  an  eventual  M2P2  sequence  like 
that  reported  for  other  Neanderthals  cannot  be  completely  discounted. 

On  the  other  hand,  assigning  the  M2P2  sequence  to  Sinanthropus,  as  Weiden- 
reich,®*  Sinanthropus  (Bi)  was  P2M2  or  (P2M2)  in  formation,  definitely  not 
licle  of  P2,  as  contrasted  with  the  more  superficial  location  of  the  germ  of  Mj, 
is  by  no  means  unusual.  Judging  from  the  radiographs  published  by  Weiden- 
reich,®  Sinanthropus  (Bi)  was  P2M2  or  (P2M2)  in  formation,  definitely  not 
M2P2,  and,  therefore,  likely  to  be  P2M2  in  eruption,  barring  the  chance  of  a  re¬ 
versal  as  noted  above.®*^^ 

We  have  here  a  subject  of  considerable  interest.  Why  do  some  children 
remain  M2P2  and  others  not?  Why  is  the  M2P2  sequence  (presumably  the  more 
“primitive”  as  far  as  man  is  concerned)  more  common  in  formation  than  in 
eruption?  Whatever  the  answers,  it  is  clear  that  the  sequence  of  eruption 
cannot  always  be  predicted  from  the  sequence  of  formation,  especially  if  the 
order  of  calcification  is  M2P2. 

SUMMARY 

1.  The  relationship  between  the  sequence  of  calcification  and  the  sequence 
of  eruption  of  the  mandibular  molar  and  premolar  teeth  was  investigated  in 
36  boys  and  girls  who  were  definitely  either  P2M2  or  M2P2  in  tooth  formation 
and  tooth  eruption. 

2.  Twenty-one  out  of  22  children  with  the  P2M2  sequence  of  formation 
continued  to  be  P2M2  in  eruption. 

3.  Half  of  14  children  M2P2  in  formation  shifted  to  the  P2M2  sequence, 
in  eruption. 

4.  Analysis  of  individual  cases  shows  that  in  all  cases  the  M2P2  formation 
sequence  was  characterized  by  early  formation  of  M2  but  in  the  children  who 
shifted  to  the  P2M2  sequence  the  early  advantage  in  formation  was  not  held. 

5.  The  dangers  of  extrapolating  from  the  sequence  of  formation  to  the  se¬ 
quence  of  eruption  were  emphasized,  particularly  in  relationship  to  fossil  finds. 

The  authors  wish  to  thank  Bichard  W.  Young  for  statistical  assistance,  Lois  A.  Conklin 
for  aid  in  the  manuscript  preparation,  and  Lina  Landkof  for  translations  from  the  Bussian. 
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THE  SHAPE  OF  THE  DENTAL  ARCHES 
JAMES  H.  SCOTT 

Anatomy  Department,  Queen ’s  University,  Belfast,  Ireland 

Fj'RlEL®’  *  established  the  relationship  which  should  exist  between  the  cusps, 
fossae,  and  incisive  edges  of  the  individual  teeth  making  up  the  two  dental 
arches.  This  gave  a  method  of  determining  the  degree  of  variation  from 
the  normal  pattern  of  any  individual  case  of  malocclusion.  Normal  occlusion 
postulates  a  readily  definable  and  recognizable  relationship  between  the 
individual  teeth  making  up  the  opposing  arches,  but  this  readily  ascertain¬ 
able  figure  of  the  normal  occlusal  pattern  does  not  extend  to  the  form  of  the 
dental  arches  as  a  whole.  There  is  no  such  entity  as  a  standard  normal  dental 
arch  form.  There  has  been  some  difficulty  in  selecting  a  terminology  to  de¬ 
scribe  the  various  types  of  normal  dental  arches,  and  terms  such  as  parabolic, 
elliptical,  hyperbolic,  and  others  have  been  used  by  various  authors  (see 
Comte^).  MacConaill  and  Scher®  have  shown  that  normal  dental  arches  con¬ 
form  to  a  catenary  curve  or  to  some  regular  deviation  from  a  catenary  curve. 
The  advantage  of  describing  arch  form  in  terms  of  a  catenary  is  that  it  can 
be  expressed  in  a  simple  manner  as  the  distance  between  the  points  of  sus¬ 
pension  of  the  catenary  chain,  provided  this  is  of  a  fixed  length. 

DESCRIBING  THE  SHAPE  OF  A  NORMAL  DENTAL  ARCH 

Dental  arch  form  can  be  determined  and  described  by  the  use  of  a 
“catenometer”  (Fig.  1).  This  consists  of  two  stops  or  clips  from  which  a 
chain  of  200  mm.  in  length  is  suspended.  One  of  the  stops  is  fixed  to  the 
horizontal  cross  bar  and  the  other  is  movable.  Separation  of  the  stops  changes 
the  form  of  the  hanging  catenary  chain  and  as  its  length  remains  constant 
the  form  of  the  various  curves  can  be  expressed  by  a  figure  read  from  the 
scale  measuring  the  distance  between  the  points  of  suspension  of  the  chain. 
The  chain  is  suspended  in  front  of  a  model  of  the  dental  arch  and  adjusted 
so  that  in  the  case  of  an  upper  arch  the  apex  of  the  catenary  curve  lies  over 
the  gingival  papilla  situated  between  and  on  the  lingual  side  of  the  first  in¬ 
cisors,  and  the  limbs  of  the  chain  lie  over  the  central  fossae  of  the  first  per¬ 
manent  molars.  In  the  case  of  the  lower  arch,  the  apex  of  the  catenary  is 
adjusted  to  lie  over  the  point  of  contact  between  the  incisive  edges  of  the  first 
incisors,  while  the  two  limbs  lie  over  the  buccal  cusps  of  the  first  permanent 
molars.  In  deciduous  arches  the  second  deciduous  molars  are  used  in  place 
of  the  first  permanent  molars.  As  in  normal  occlusion  the  distobuccal  cusps 
of  the  lower  permanent  molars  occlude  in  the  central  fossa  of  the  upper  molars 
and  the  incisive  edges  of  the  lower  incisors  are  lingual  to  the  upper  incisors. 
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the  catenary  curve  which  fits  one  arch  will  fit  the  other.  If,  as  often  is  the 
ease,  the  fit  of  the  catenary  to  the  dental  arch  is  exact,  the  remaining  teeth 
lie  along,  or  close  to,  the  curve  of  the  chain,  with  the  exception  in  certain 
cases  of  the  third  permanent  molars.  In  some  normal  arches  the  premolars 
and  canines  also  deviate  slightly  from  the  line  of  the  catenary  chain,  but  this 
does  not  interfere  with  the  determination  of  the  basic  catenary  form  of  the 
arch. 

It  has  been  shown,  therefore,  that  the  use  of  the  catenary  chain  enables 
one  to  express  in  a  simple  manner  the  basic  form  of  any  normal  human  dental 
arch.  The  main  purpose  of  this  paper  is  to  extend  the  use  of  this  method  of 
analysis  and  discuss  some  of  the  implications  of  these  findings. 


Fig.  1. — Catenometer. 


THE  DEVELOPMENTAL  HISTORY  OF  THE  NORMAL  DENTAL  ARCH  AND 
ADJACENT  STRUCTURES 

The  permanent  dentition  consists  of  a  number  of  dental  units  in  each 
jaw  which  are  implanted  in  the  alveolar  process.  If,  however,  the  socketed 
parts  of  the  roots  were  cut  away  and  the  teeth  removed  from  the  alveolar 
process,  they  would  remain  united  to  one  another  by  the  transeptal  fibers  and 
by  the  attachment  of  the  gingiva  to  the  cementum  of  the  cervical  region 
through  the  gingival  fibers  and  through  the  epithelial  attachment.  The  teeth, 
therefore,  are  united  to  one  another  in  the  form  of  a  chain  and  in  each  jaw 
make  up  a  series  of  connected  units.  The  deciduous  dentition  when  fully  de¬ 
veloped  makes  up  a  similar  chain.  During  their  development  the  follicular 
sacs  of  the  successional  permanent  teeth  and  those  of  the  developing  per¬ 
manent  molars  are  united  by  their  gubemacular  cords  to  the  overlying  lamina 
propria  to  which  the  follicles  of  the  deciduous  teeth  are  directly  attached. 
With  the  loss  of  a  deciduous  tooth  and  its  replacement  by  a  permanent  tooth 
there  is  a  temporary  weakening  of  the  connection  between  adjacent  units  un¬ 
til  the  attachment  is  stabilized  and  the  transeptal  fibers  are  restored. 
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Prior  to  their  eruption,  the  deciduous  tooth  germs  develop  within  the 
subgingival  tissues  protected  by,  but  unattached  to,  the  alveolar  process.  The 
dental  follicles  in  which  they  develop,  however,  are  intimately  united  to  the 
overlying  epithelium.  In  this  stage  of  development,  the  developing  germs 
lie  in  a  curved  arch  which  can  be  described  as  a  catenary  (Fig.  2).  If  a 
photomicrograph  showing  the  developing  tooth  germs  is  magnified  so  that 
the  mesiodistal  diameter  of  the  first  incisors  approximates  to  that  of  the 
fully  formed  erupted  teeth,  it  will  be  seen  that  already,  before  eruption,  and 
before  it.  ey  are  subjected  to  the  intraoral  muscular  forces,  the  deciduous  teeth 
form  an  arch  which  is  very  similar  in  form  to  that  of  the  dental  arch  after 
the  teeth  have  erupted.® 


Fig.  2.  Fig.  8. 

Fig.  2. — Developing  tooth  germs.  Upper  Jaw ;  human  fetus. 

Fig.  3. — Meckel’s  cartilage  and  developing  mandible.  Human  fetus.  (The  bend  in  the 
middle  of  the  cartilage  is  the  result  of  erosion  and  replacement  by  bone  at  the  outer  sur¬ 
face.) 

In  late  fetal  life,  the  tooth  germs  of  the  canines  and  incisors  go  through  a 
stage  of  crowding  during  which  individual  germs  deviate  from  the  regular 
arch  form.  With  growth  of  the  jaws,  however,  if  this  be  normal,  they  return 
to  their  regular  position  either  during  the  process  of  eruption  or  shortly 
afterward. 

The  dental  lamina  from  which  the  enamel  organs  of  the  tooth  germs  de¬ 
velop  is  in  the  form  of  a  catenary  curve.  The  developing  mandible  is  closely 
related  in  the  early  stages  of  its  growth  with  Meckel’s  cartilage  and  this  lat¬ 
ter  structure  also  shows  in  its  form  the  characteristics  of  a  catenary  (Fig.  3). 
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In  the  upper  jaw  the  maxillary  and  palatine  bones  develop  in  close  relation 
to  the  nasal  capsule,  the  lower  edge  of  which  is  curved  in  approximate  con¬ 
formation  with  Meckel’s  cartilage  in  the  lower  jaw. 

The  lower  border  of  the  adult  human  mandible  conforms  even  more 
closely  to  a  catenary  curve  than  the  dental  arches  (Fig.  4).  In  animals  in 
which  the  dentition  does  not  conform  to  a  catenary  curve  such  as  ungulates, 


Fig.  4. — Adult  human  mandible:  lower  border. 


Fig.  6. — A,  Dentition  of  iower  jaw:  beaver.  B,  Lower  border  of  mandible:  beaver. 


marsupials,  and  rodents,  the  lower  border  of  the  mandible  usually  does  so 
(Fig.  5).  This  is  also  the  case  in  the  anthropoid  apes.  In  the  young  chim¬ 
panzee,  the  dental  arch  conforms  closely  to  the  catenary  form  but  in  older 
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animals,  while  the  deciduous  dentition  is  still  in  use,  the  arch  form  has  be¬ 
gun  to  develop  the  topical  adult  noncatenary  form  (Fig.  6).  While  denti¬ 
tions  other  than  man  do  not  as  a  rule  conform  to  a  catenary  curve,  the  lower 
border  of  the  mandible  conforms  with  a  remarkable  constancy  in  the  great 
majority  of  mammals. 

In  early  development,  the  maxillary  and  mandibular  embryonic  processes 
have  a  cartilaginous  skeleton  which  is  made  up  of  the  nasal  capsule  and 
Meckel’s  cartilage.  These  cartilaginous  structures  determine  the  form  of  the 
developing  jaws  and  in  all  fetuses  they  show  the  characteristics  of  curved 
catenary-like  structures.  The  dental  lamina  although  not  directly  connected 
with  these  jaw  cartilages  grows  from  the  epithelial  covering  (lining  the  primi¬ 
tive  mouth  cavity)  of  the  tissues  which  surround  the  form-determining 
cartilages. 


Fig.  6. — Chimpanzee  skulls.  Note  catenary  form  of  dentition  of  -  younger  animal. 


The  position  of  the  developing  tooth  germs  is  determined  by  the  enamel 
organs,  which  are  in  turn  derived  from  the  dental  lamina.  The  position  and 
form  of  the  tooth-bearing  bones  (maxilla  and  mandible)  are  determined  by  the 
primordial  cartilages  of  the  jaws.  Later  a  close  relationship  is  established 
between  the  tooth  germs  and  the  developing  jaw  bones.  Although  in  their 
early  stages  of  development,  the  tooth  germs  are  closely  related  to  the  dental 
lamina  from  which  they  in  part  developed,  in  many  animals  the  dental  arches 
come  to  deviate  from  the  catenary-like  form  of  this  structure  in  postnatal 
life.  As  the  basal  elements  of  the  jaw  bones  are  more  conservative,  impor¬ 
tant  growth  adjustments  are  necessary  so  that  the  nonconforming  dental 
arches  can  be  supported  by  the  ba.sal  bony  skeleton.  This  involves  extensive 
growth  adjustments  on  the  part  of  the  alveolar  bone.  It  remains  now  to  at¬ 
tempt  a  fuller  analysis  of  the  factors  responsible  for  the  divergence  between 
the  form  of  dental  arches  and  the  basal  elements  of  the  jaws. 

VARIATIONS  IN  DENTAL  ARCH  FORM 

The  human  dental  areades  are  unusual  in  that  in  each  jaw  the  teeth 
form  a  continual  series  without  any  breaks  or  diastema.  In  the  majority  of 
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mammals  there  is  a  break  in  the  dental  series  between  the  incisors  and  the 
cheek  teeth.  In  some  animals  the  canine  lies  with  the  incisors  (lower  jaw 
of  pecorian  ungulates  and  lemurs),  in  others  it  goes  with  the  cheek  tooth 
series;  in  some  it  is  isolated  in  the  incisor-premolar  diastema,  in  others  it  is 
suppressed.  In  many  animals,  the  separation  between  the  incisors  and  cheek 
teeth  is  extensive  and  has  an  obvious  functional  basis.  The  anterior  teeth 
are  used  for  seizing  and  obtaining  food  or  for  special  purposes  as  in  the  wood¬ 
gnawing  incisors  of  the  beaver,  while  the  cheek  teeth  are  used  in  mastica¬ 
tion.  Among  rodents  the  mouth  cavity  is  partly  divided  into  two  compart¬ 
ments  by  lip  folds  which  lie  between  the  anterior  and  posterior  members  of 
the  dental  series.  This  process  of  separation  is  largely  the  result  of  postnatal 
growth.  At  birth  the  incisor  and  cheek-teeth  tooth  germs  lie  close  to  one 
another  in  the  jaws,’^  and  only  with  further  growth  does  the  adult  condition 
of  separation  develop.  The  process  of  separation  is  associated  with  a  dif¬ 
ference  in  the  direction  of  growth  of  the  alveolar  bone  in  the  two  segments. 
In  the  distal  segment,  alveolar  bone  growth  is  predominantly  vertical  in  di¬ 
rection,  while  at  the  front  of  the  mouth  it  is  more  horizontal ;  the  cheek  teeth 
have  a  vertical  implantation,  the  incisors  a  procumbent  tendency.  Further¬ 
more,  while  the  incisors  usually  lie  in  a  segment  of  a  curve,  the  cheek  teeth 
more  often  occupy  straight  lines.  The  linearly  arranged  premolars  and  molar 
of  each  side  of  each  jaw  may  be  parallel,  convergent,  or  divergent  in  relation 
to  one  another.  In  some  animals  such  as  the  sheep,  the  cheek  teeth  form  shal¬ 
low  curved  arcs  convex  buccally. 

This  division  of  the  dentition  into  2  functionally  distinct  parts  occurs 
at  the  very  beginning  of  mammalian  evolution  and  is  well  established  among 
the  multituberculates.  In  the  higher  primates  it  is  much  less  marked,  and  in 
man  it  no  longer  exists.  The  human  condition  probably  bears  some  relation¬ 
ship  to  the  reduction  in  size  of  the  jaws,  although  it  is  interesting  to  notice 
that  in  this  as  in  certain  other  morphologic  features  man  retains  the  fetal 
conformation  (pedomorphosis®)  The  canine  area,  where  the  2  regions  meet, 
is  often  an  unstable  part  of  the  dentition.  While  in  monkeys  and  anthropoid 
apes  the  canines  obviously  “belong”  to  the  cheek  tooth  series,  there  seem 
to  be  2  types  of  human  dentitions:  a  type  in  which  the  canines  are  more 
in  line  with  the  cheek  teeth,  and  a  type  in  which  they  are  more  in  line  with  the 
incisors. 

As  a  result  of  the  above  analysis  of  arch  form  in  comparative  anatomy, 
we  have  discovered  3  interesting  facts : 

1.  The  development  of  the  form  of  the  adult  dentition  depends  on  the 
direction  and  extent  of  the  growth  of  alveolar  process. 

2.  The  basal  bone  (as  estimated  by  the  lower  border  of  the  mandible) 
remains  much  more  constant  in  form  in  all  mammals,  forming  the  foundation 
on  which  the  great  variations  in  the  form  of  alveolar  process  are  constructed. 

3.  During  early  development  in  all  tooth-bearing  mammals  the  tooth 
germs  lie  in  a  simple  series  along  a  curved  arch  in  each  jaw,  but  later,  in  many 
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animals,  they  deviate  from  this  form.  This  deviation  is  the  result  of  alveolar 
process  growth. 

An  important  feature  in  the  formation  of  alveolar  process  is  the  fact 
that  it  depends  on  the  activity  of  the  deeper  layers  of  the  covering  alveolar 
mucosa  which  is  a  muconeriosteum.  Where  teeth  are  absent,  as  in  the  long 
diastema  between  the  cheek  teeth  and  incisors  as  in  the  lower  jaw  of  ungu¬ 
lates,  in  both  jaws  in  rodents,  or  in  the  condition  of  anodontia,  this  activity 
is  limited  to  that  which  is  commensurate  with  the  growth  in  girth  of  a  long 
bone.  Furthermore,  although  alveolar  process  formation  is  always  present 
where  teeth  are  present,  it  seems  to  depend  to  some  extent  on  the  functional 
activity  of  the  dentition  for  its  full  development.  Failure  of  alveolar  process 
growth  to  reach  its  full  development,  either  as  a  result  of  some  genetic  de¬ 
ficiency  or  lack  of  function,  or  to  a  combination  of  both,  is  responsible  for 
the  various  forms  of  open  and  close  bite  as  well  as  for  crowding  of  the  teeth 
in  inadequate  alveolar  arches. 

Although  in  the  human  dentition  a  case  can  be  made  out  for  the  impor¬ 
tance  of  the  pressures  exerted  by  the  adjacent  muscular  tissues  of  the  tongue, 
lips,  and  cheeks  in  determining  arch  form,  the  fact  that  arch  form  is  deter¬ 
mined  before  tooth  eruption  and  that  it  depends  for  its  final  development  on 
the  direction  and  extent  of  alveolar  process  growth,  would  indicate  that  under 
normal  conditions  the  soft  tissues  play  a  minor  role  in  its  determination. 

THE  VARIABIUTY  OF  HUMAN  DENTAL  ARCHES 

There  is  a  wide  variation  in  the  size  and  form  of  normal  human  dental 
arches.  The  variability  of  dental  arch  form  can  be  most  conveniently  de¬ 
scribed  by  the  use  of  a  catenary  chain  of  constant  length  but  variable  in  the 
distance  between  its  points  of  suspension.  With  growth  of  the  face,  and 
especially  of  the  alveolar  process,  the  catenary  curve  which  fits  the  decidu¬ 
ous  dental  arcades  may  change.  This  change  is  produced  by  the  growth  of 
the  alveolar  process  as  a  result  of  a  process  of  surface  deposition  beneath 
the  mucoperiosteum  of  the  gingiva.  As  the  teeth  are  themselves  attached  to 
the  gingiva  they  migrate  outward  and  forward  in  each  jaw,  while  remaining 
in  contact  with  each  other.  The  whole  dentition  in  each  arch  moves  as  a  unit. 
In  some  individuals,  normal  alveolar  growth  is  predominantly  forward  as  in 
the  anthropoid  apes ;  in  others  the  growth  in  arch  width  is  almost  as  extensive 
as  growth  in  arch  length.  In  some  normal  individuals  certain  regions  of 
the  arch  increase  in  width  more  than  other  regions.  In  the  third  molar  region 
there  is  often  a  limited  growth  in  arch  width  so  that  these  teeth  lie  lingual 
to  the  more  anterior  teeth.  In  the  canine-premolar  region  growth  in  width 
may  be  greater  than  elsewhere;  in  such  cases,  the  dentition  in  these  regions 
will  deviate  from  the  catenary  form  although  the  form  of  the  dentition  as  a 
whole  can  still  be  expressed  by  a  catenary  measurement.  These  variations  in 
normal  dental  arch  form  are  fundamentally  due  to  local  variations  in  alveolar 
process  growth.  The  vast  majority  of  malocclusions  are  due  to  variations  of 
alveolar  process  growth  beyond  the  normal  range.  A  certain  number  of  mal¬ 
occlusions  are  due  to  failure  of  growth  of  the  basal  bone  and  such  failure  is 
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usually  associated  with  failure  of  alveolar  process  growth  also.  It  should  be 
noted,  however,  that  cases  of  basal  bone  deficiency  are  sometimes  not  associ¬ 
ated  with  malocclusion  owing  to  compensatory  growth  on  the  part  of  the 
alveolar  process. 

SUMMARY 

1.  In  fetal  life,  the  dental  lamina,  enamel  organs,  primordial  jaw  car¬ 
tilages,  and  the  developing  tooth-bearing  bones  develop  in  a  series  of  similar 
curved  catenary-like  arches. 

2.  In  postnatal  life,  the  dental  arches  in  many  animals  deviate  from  the 
early  catenary  form  but  the  basal  elements  of  the  jaws  remain  more  con¬ 
stant.  The  deviation  in  dental  arch  form  is  due  to  the  nature  of  alveolar 
process  growth  and  not  to  the  pressure  effects  of  the  adjacent  soft  tissues. 

3.  In  man,  the  dentition  maintains  the  primordial  catenary  form  because 
alveolar  process  growth  does  not  show  a  regional  differentiation  but  remains 
more  or  less  equal  in  amount  and  constant  in  direction  in  all  parts  of  the  arch. 
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tors;  laboratory  methods,  307 
Mandible:  shape,  996 

- :  x-ray  density,  451 

Mandibular  disc  displacement:  experimen¬ 
tal,  813* 

Mandibular  second  premolars:  morphology 
and  inheritance,  263 

MANLY,  R.  S. :  acid  production;  inhibi¬ 
tion;  ethers;  esters;  phenols;  alcohols, 
75 

MANTEL,  N.:  caries  experience;  salivary 
sodium,  potassium,  solids  and  ash,  525 
MARCUSE,  F.  L. :  anxiety  and  dental 
caries,  862 

MARDFIN,  D.  F. :  nitric  acid  and  chela¬ 
tion  demineralization;  effect  on  histo- 
chemical  stains,  759 

MARSLAND,  E.  A.:  echinoidea  teeth,  811* 
MARUSHIMA,  M. :  dentinogenic  response; 

pulp;  calcium  hydroxide,  653* 
Masticatory  loads,  814* 

Materials:  dental;  solubility,  977 

- :  effect  on  oxygen  consumption;  pulp, 

447 

Matrix:  Class  II  restorations,  462 
Maxilla:  shape,  996 

McCANN,  H.  G. :  mineralized  tissues;  rat; 
fluoride  ingestion,  391 

McCarthy,  F.  M.  :  blood  pressure  re¬ 

sponses;  epinephrine-containing  local  an¬ 
esthetic  solutions,  132 

McCauley,  H.  B.:  caries;  dental  care 

needs;  Baltimore,  546 

McClendon,  j.  F.:  experimental  cario- 
stasis;  tea  with  high  fluorine  content, 
220 

McHUGH,  W.  D. :  healing  gingival  epi¬ 
thelium;  fluorescent  microscopy,  808* 
Melanoidin:  carious  teeth,  233 
MELLANBY,  M. :  caries;  London  children; 
comparison,  812* 

Mercury:  amalgam  restorations;  condensa¬ 
tion  procedures,  458 

- :  tooth  discoloration,  753 

MERRINGTON,  W.  R. :  th^oid  hormone 
analogue;  rat  incisor  dentin  effect,  813* 
Mesiodistal  crown  diameters:  teeth,  39 
Microincineration:  rat  enamel  mineraliza¬ 

tion,  595 

Microradiography :  peri- tubular  translucent 

zone;  dentin,  808* 

MILLER,  B.  G. :  tooth  resorption  and  erup¬ 
tion;  influence  of  vascularity  and  inner¬ 
vation,  669 

MITCHELL,  D.  F.:  dental  caries  resist¬ 
ance;  Diamox,  372 

MIYAUCHI,  T. :  photoelastic  experiments; 
prosthetic  dentistry,  652* 
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MONGKOLLUNQSANA,  D.;  extra-osseous 
innervation;  gingiva,  516 
Monkey;  cynomolgus;  dentition,  432 
MOORREES,  C.  F.  A.:  mesiodistal  crown 
diameters;  deciduous  and  permanent 
teeth,  39 

MOSNY,  J.  J.:  melanoidin  formation;  cari¬ 
ous  teeth,  233 

MOSS,  M.  L.:  differential  growth  analysis; 

vertebrate  teeth,  644 
Mucin :  cholesterol,  100 
MUHLER,  J.  C.:  caries;  fluorine;  thyroid 
gland  activity,  382 

- :  - ;  reduction;  topical  stannous 

fluoride,  784 

- :  - ;  stannous  fluoride;  decalcium 

phosphate  dentifrice,  399 
- :  - ;  thyroid  and  salivary  gland  his¬ 
tology,  571 

- :  caries  in  desaliva  ted  rats;  sex  hor¬ 
mone  influence,  709 

- ;  decreased  pulp  vascularity;  experi¬ 
mental;  caries  effect,  92 

- :  enamel  solubility;  intact  molars; 

fluoride  solutions,  897 

- :  - ;  surface;  fluorides,  889 

- :  natural  and  artificial  fluoridated 

waters;  metabolism,  552 

- :  pilocarpine  effect;  caries,  883 

- ;  salivariadenectomy ;  duct  ligation ; 

caries  effects,  866 

- :  - ;  reproductive  organ  effects;  fe¬ 
male  rat,  559 

- :  salivary  glands;  hormone  effects,  403 

- :  - ;  hypophysectomized  rats;  tes¬ 
tosterone;  thyroxine;  cortisone  effects, 
566 

- :  selenium  effect;  caries,  895 

- :  sodium  fluoride;  sodium  silicofluo- 

ride;  stannous  fluoride;  metabolism  com¬ 
parison,  386 

- :  systemic  fluoride  and  thyroid  gland 

activity;  rat  caries,  304 
- :  thyroid  feeding;  caries  effect;  pair¬ 
feeding  technics,  880 

- :  thyroid  function;  dental  caries  ex¬ 
perience;  salivary-adenectomized  rats,  95 

- :  topically  applied  potassium  fluoro- 

stannite;  caries  experience,  780 

- :  vanadium  pentoxide;  fluorides;  tin 

compounds;  caries  experience,  787 
MUMFORD,  J.  M. :  electrolytic  action; 
pain,  632 

MUNTZ,  L.:  individual  bacterial  strains  in 
human  teeth;  in  vitro  conditions,  314 
MUNTZ,  M.  L. :  intact  surface  enamel; 
microhardness,  732 

MYERS,  H.  I.:  egg  yolk  reaction;  oral  or¬ 
ganisms,  104 


^JEBERGALL,  W.  H. :  powdered  enamel 
solubility;  sodium  fluoride  and  stan¬ 
nous  fluoride;  buffered,  118 
NEFF,  J.  H.:  dental  patient  infection; 

inadvertent  transmission,  932 
Nerve  plexuses:  oral  mucosa,  807* 

NESS,  A.  R. :  hereditary  incisor  malocclu¬ 
sion;  rabbit,  817* 

- :  rabbit  mandibular  incisor  eruption; 

periodontal  tissue  role,  810* 

Netherlands:  caries,  795 


NEUMANN,  H.  H.:  tooth  compression; 

chewing  load,  286 
Neuro-histology:  bone,  805* 

NEUWIRTH,  I.:  acid  production  from  glu¬ 
cose  by  oral  bacteria;  Krebs  cycle,  769 
NEVIN,  R.  B.:  tooth  surface  reaction;  so¬ 
dium  fluoride,  771 

NICHOLS,  M.  S.:  alloxan  diabetes;  caries 
incidence,  rat,  68 

Nitric  acid:  demineralization;  effect  on  his- 
tochemical  stains,  759 

NORMAN,  R.  D.:  amalgam  restorations; 
mercury  content ;  condensation  proce¬ 
dures,  458 

- :  solubility;  dental  materials,  977 

- :  syneresis  and  imbibition;  reversible 

hydrocolloid,  472 
Nutrition:  (see  diet) 

Occlusal  contact:  chewing,  21 
Odontoblastic  capillary  plexus:  rodent  in¬ 
cisor,  807* 

Opodymous  kitten:  jaws  and  teeth  develop¬ 
ment,  811* 

Oral  mucosa:  nerve  plexuses,  807* 

Oral  tissues:  succinic  dehydrogenase;  cyto¬ 
chromes  and  catalase,  581 
Organisms:  (see  Bacteria) 

O’ROURKE,  W.  F.:  wear  resistance  of 
teeth;  abrasion  method,  739 
OSADA,  N.:  photoelastic  experiments; 

prosthetic  dentistry,  652* 

OSGOOD,  D.  R.:  autoradiography;  print¬ 
ing  technics,  281 

08TER,  R.  H.:  diet;  glycoprotein  deposi¬ 
tion;  caries;  hamster,  173 
Oxygen  consumption:  pulp;  drug  and  ma¬ 
terial  effects,  447 

- :  - ;  oxygen  pressure,  150 

P ain :  electrolytic  action,  632 
PECKHAM,  8.  C.:  dietary  casein-sucrose 
ratios;  caries,  904 

PERDUE,  H.  8.:  wear  resistance  of  teeth; 
abrasion  method,  739 

Periodontal  disease:  dietary  thyroid;  tryp¬ 
tophan  deficiency,  13 

- :  regeneration  in  epithelized  pocket; 

blood  clot;  organization,  4 

- :  salivary  collagenase,  717 

- :  severity;  social  factor,  922 

- :  transeptal  fibers;  behavior,  249 

Periodontium :  vascular  system;  radio- 

graphic  visualization,  245 
PERMAR,  D.:  salivary  lactobacilli  and 
dental  caries  activity;  children,  828 
Peroxidase :  saliva,  843 
PER880N,  P.  A.:  fluorescent  microscopy; 

healing  gingival  epithelium,  808* 
PETER8EN,  E.  E.:  effect  of  diaphragms; 

radiation  intensity,  291 
PETERSON,  J.  K.:  caries  inhibition;  topi¬ 
cal  sodium  silicofluoride  and  sodium 
fluoride,  124 

PEYTON,  F.  A.:  cut  tooth  surface  charac¬ 
teristics;  rotating  instruments,  957 

- :  dental  handpieces;  lubricants,  479 

- :  shadowed  colloidin  replicas  of  teeth; 

with  amalgam  restorations,  623 
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pH:  oral;  before  and  after  meals,  816* 
Phase  formation:  amalgam,  986 
Phenol:  acid  production;  inhibition,  75 
PHILLIPS,  P.  H.:  wear  resistance  of  teeth; 
abrasion  method,  739 

PHILLIPS,  R.  W. :  amalgam  restorations; 
mercury  content ;  condensation  proce¬ 
dures,  458 

- :  Class  II  restoration  contours;  matrix 

technics,  462 

- :  solubility;  dental  materials,  977 

- :  syneresis  and  imbibition;  reversible 

hydrocolloid,  472 

PHIPPS,  G.  T.:  anxiety  and  dental  caries, 
862 

Phosphoethanolamine :  saliva,  817* 
Photoelastic  experiment:  bridge  abutment 
teeth,  652 

- :  prosthetic  dentistry,  652* 

Physiological  tooth  movement :  measure¬ 
ment,  814* 

PICTON,  D.  C.  A.:  masticatory  loads,  814* 
- :  physiological  tooth  movement;  meas¬ 
urement,  814* 

- :  tooth  contact;  chewing,  21 

PIGMAN,  A.:  intact  surface  enamel;  mi¬ 
crohardness,  732 

PIGMAN,  W.:  individual  bacterial  strains 
in  human  teeth;  in  vitro  actions,  314 
Pilocarpine:  caries  effect,  883 
PITT-RIVERS,  R.:  thyroid  hormone  an¬ 
alogue;  rat  incisor  dentin  effect,  813* 
Placental  permeability:  bacterial  toxins, 
507 

Plaque :  dento-bacterial ;  acid  production ; 

carbohydrates,  56 

- :  - ;  microflora;  caries  immunes  and 

susceptibles,  331 
Porcelain:  densification,  950 

- :  teeth;  porosity  measurement,  945 

Porosity:  porcelain  teeth,  945 
Potassium:  fluorostannite ;  topically;  caries 
experience,  780 

- :  salivary;  caries,  525 

POWELL,  R. :  individual  bacterial  strains 
in  human  teeth;  in  vitro  conditions,  314 
Pressure:  dental  pulp  healing,  437 
Pristis  microdon:  rostral  teeth  and  rostrum, 
663 

Protease:  saliva;  caries,  223 
PROUTT,  L.  M. :  diet;  glycoprotein  deposi¬ 
tion;  caries;  hamster,  173 
Pulp:  decreased  vascularity;  caries  effect, 
92 

- :  dentinogenic  response;  calcium  hy¬ 
droxide,  653* 

- :  healing;  pressure  effects,  437 

- :  oxygen  consumption;  drug  and  ma¬ 
terial  effects,  447 

- :  - ;  oxygen  pressure,  150 

R.adiographic  tooth  measurements,  641 
Radiographic  visualization:  periodontal  vas¬ 
cular  system,  245 

Radioisotopes:  dental  autoradiography,  247, 
281 

RAMFJORD,  S.:  airbrasive  powder  inhala¬ 
tion;  effects,  721 

- :  tissue  response;  airbrasive  powder; 

pulverized  enamel  and  dentin,  602 


Replicas:  shadowed  colloid  in;  teeth  with 

amalgam  restorations,  623 
Reproductive  organs :  effect  of  salivari- 
adenectomy,  559 

Resorption:  tooth;  influence  of  vascularity 
and  innervation,  669 

Restorations:  Class  II  contour;  matrix 

technics,  462 

Rheumatic  fever:  root  canals;  streptococci, 
496 

ROBINSON,  H.  B.  G.:  Editor’s  Viewpoint, 
1,  163,  327,  493,  655,  819 
ROBINSON,  N.  P.:  oxygen  pressure;  oxy¬ 
gen  consumption;  pulp,  150 

- :  pulp  oxygen  consumption;  drug  and 

material  effects,  447 

ROBINSON,  W.  E.:  salivary  aldolase,  852 
ROGOSA,  M. :  hamster  caries  progression; 
streptococci ;  lactobacilli ;  general  oral 
and  fecal  flora,  695 

ROSE,  G.  A.:  saliva;  free  amino  acids; 

phosphoethanolamine,  817* 

ROSEN,  S. :  saliva  properties;  caries-re¬ 
sistant  and  caries-susceptible  rats,  87 

- :  salivary  protease;  caries-resistant  and 

caries-susceptible  rats,  223 
ROSENTHAL  S.  L. :  dental  patient  infec¬ 
tion;  inadvertent  transmission,  932 
Rostral  teeth:  Pristis  microdon,  663 
Rotating  instruments:  tooth  surface  charac¬ 
teristics,  957 

ROTH,  G.  D.:  egg  yolk  reactions;  oral  or¬ 
ganisms,  104 

ROVELSTAD,  G.  H. :  salivary  spectro¬ 
photometry,  745 

ROWLES,  S.  L.:  tetracalcium  monohydro¬ 
gen  triphosphate  trihydrate ;  calculus, 
816* 

RUSHTON,  M.  W.:  attached  denticles; 

tooth  germ  injury,  809* 

RUSSELL,  A.  L. :  social  factor;  perio¬ 
dontal  disease  severity,  922 
RUSSELL,  K.  L. :  screening  caries  inhibi¬ 
tors;  laboratory  methods,  307 
RYGE,  G. :  dental  amalgam;  strength  and 
phase  formation,  986 

Saliva:  acid  production,  56,  343 

- :  aldolase,  852 

- :  amylase;  dextrinization,  343 

- :  antibody  titers;  Brucella  melitensis, 

112 

- :  ash;  caries,  525 

- :  chloride,  230 

- :  citrate;  caries,  823 

- :  collagenase;  periodontal  disease,  717 

- :  flow;  caries,  883 

- :  free  amino  acids;  phosphoethanol¬ 
amine,  817* 

- :  lactobacilli;  caries,  331,  375,  690, 

695,  828 

- :  lipolytic  and  esterolytic  activity,  338 

- :  mucin;  cholesterol,  100 

- :  parotid;  total  esterases,  713 

- :  peroxidase,  843 

- :  potassium;  caries,  525 

- :  properties;  caries  resistant  and 

caries-susceptible  rats,  87 

- :  sodium;  caries,  525 

- :  solids;  caries,  525 
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- :  spectrophotometry,  745 

- :  tryptophan;  caries,  839 

Salivariadenectomy,  95,  559,  886 
Salivary  glands:  caries,  95,  571,  886 

- :  hormone  effects,  403,  566 

- :  submandibular  enlargement;  acidic 

and  basic  drinking  fluid,  576 
Salivary  sediment:  acid  production;  inhibi¬ 
tion,  75 

SALLEY,  J.  J. :  hamster;  vitamin  A  de¬ 
ficiency,  935 

- :  hydrocarbon;  carcinogenesis;  ham¬ 
ster  cheek  pouch  changes,  48 
Sarcosinate:  sodium  N-lauroyl;  lactoba- 

cillus  inhibition,  129 

SCHUBACK,  P.:  radiographic  visualiza¬ 
tion;  periodontal  vascular  system,  245 
SCHUBERT,  W.  K.:  tooth  iron  content; 
hemosiderosis,  750 

SCHUMACHER,  E.  R. :  oxygen  consump¬ 
tion;  drug  and  material  effects,  447 
- :  pulp;  oxygen  pressure;  oxygen  con¬ 
sumption,  150 

SCHWARTZ,  M.  L. :  solubility;  dental  ma¬ 
terials,  977 

Scorbutus :  histophysical  studies ;  teeth, 

810* 

SCOTT,  J.  H. :  dental  arches;  shape,  996 

- :  epithelial  attachment,  806* 

Screening:  caries  inhibitors;  laboratory 

methods,  307 
Selenium:  caries,  895 

SEMMELMAN,  J.  O. :  densification ;  dental 
porcelain,  950 

- :  porosity  of  porcelain  teeth;  measure¬ 
ment,  945 

Sensitivity:  dentin,  814* 

Serum:  antibody  titer;  Brvcella  meKtensis, 
112 

SHAFER,  W.  G.:  caries;  fluorine  and  thy¬ 
roid  gland  activity,  382 
- :  - ;  thyroid  and  salivary  gland  his¬ 
tology,  571 

- :  caries  in  desalivated  rats;  sex  hor¬ 
mone  influence,  709 

- :  pilocarpine  effect;  caries,  883 

- :  salivary  gland  extirpation;  duct  liga¬ 
tion;  caries  effects,  886 

- :  salivary  glands;  hormone  effects,  403 

- :  selenium  effect;  caries,  895 

- :  submaxillary  and  sublingual  salivary 

gland  duct  and  vessel  ligation;  effects, 
866 

- :  thyroid  function;  dental  caries  ex¬ 
perience;  salivary  adenectomized  rats, 
95 

SHARBONDY,  G.  P.:  oxygen  pressure; 
oxygen  consumption,  150 

- :  pulp;  oxygen  consumption;  drug  and 

material  effects,  447 

SHAW,  J.  H.:  alloxan  diabetes;  caries  in¬ 
cidence;  rat,  68 

- :  caries;  white  and  cotton  rat;  anti¬ 
biotic  influences,  349 

- :  cynomolgus  monkey;  dentition,  432 

SHIEGEUCHI,  H.:  photoelastic  considera¬ 
tion;  bridge  abutment  teeth,  652* 
SHIERE,  F.  R.:  tyrothricin  dentifrice; 
caries  control,  237 

8HKLAIR,  I.  L.:  sodium  N-lauroyl  sarco¬ 
sinate;  lactobacillus  inhibition,  129 


SIEVERT,  H.  W.:  wear  resistance  of  teeth; 

abrasion  method,  739 
Silver  nitrate:  tooth  discoloration,  753 
SIMS,  R.  W.:  dental  autoradiography; 
printing  technics,  281 

Social  factor:  periodontal  disease  severity, 
922 

Sodium:  salivary;  caries,  124  525 
Sodium  fluoride:  enamel  solubility,  118 

- :  metabolism,  386 

- :  tooth  surface  reaction,  771 

- :  topical;  caries  inhibition,  124 

Sodium  N-lauroyl  sarcosinate:  lactobacillus 
inhibition,  129 

Sodium  silicofluoride,  124,  386 
Solubility:  dental  materials,  977 

- :  enamel,  889,  897 

Spectrophotometry :  saliva,  7 45 
SPIES,  T.  D.:  melanoidin  formation;  cari¬ 
ous  teeth,  233 

SPINANGER,  J.:  tooth  iron  content;  hemo¬ 
siderosis,  750 

SPRINZ,  R.:  mandibular  disc  displacement; 
experimental,  813* 

STACK,  M.  V.:  biometry;  developing  de¬ 
ciduous  dentition,  812* 

STAFSETH,  H.  J.:  salivary  protease; 
caries- resistant  and  caries-susceptible 
rats,  223 

- :  carbohydrate  content  of  human  en¬ 
amel,  325 

STANDISH,  S.  M. :  submaxillary  and  sub¬ 
lingual  salivary  gland  duct  and  vessel 
ligation  effects,  866 

Stannous  chloride:  tooth  discoloration,  753 
Stannous  fluoride:  caries,  399,  784 

- :  enamel  solubility,  118 

- :  metabolism,  386 

STAPLE,  P.  H. :  vasomotor  activity;  hu¬ 
man  gingival  capillary  networks,  813* 
STEINMAN,  R.  R. :  caries;  early  carbohy¬ 
drate  administration,  533 
STEPHENS,  R.  G.:  caries  incidence;  dif¬ 
ferent  locations  on  teeth,  536 
Sterility:  dental  office,  932 
Strength :  amalgam,  986 
Streptococci:  hamster  caries,  695 

- :  hemolytic;  root  canals,  496 

Sublingual  gland:  duct  and  vessel  ligation, 
866 

Succinic  dehydrogenase :  oral,  liver,  and 
brain  tissues,  581 
Sugars:  (see  also  glucose) 

Sulfhydryl  groups:  gingiva,  255 
Sulfonamide:  caries  resistance,  372 
Supporting  Associates:  J.  D.  R.,  162,  326, 
492,  654,  818, 1004 

Surface  active  agents:  enamel  surface  de¬ 
calcification,  166 

SWANSON,  A.  A.:  salivary  collagenase; 

periodontal  disease,  717 
- :  succinic  dehydrogenase,  DPN  cyto¬ 
chrome  reductase,  cytochrome  oxidase, 
and  catalase  in  oral,  liver,  and  brain  tis¬ 
sues,  581 

SWARTZ,  M.  L.:  syneresis  and  imbibition; 

reversible  hydrocolloid,  472 
SWEENEY,  E.  A.:  caries;  white  and  cot¬ 
ton  rat;  antibiotic  influences,  349 
SYMONS,  N.  B.  B.:  distribution;  rat  de¬ 
veloping  teeth,  805* 
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Syneresis:  reversible  hydrocolloid,  472 
SYVERTON,  J.  T.:  hemolytic  streptococci 
in  root  canals;  bacteremia,  rheumatic 
fever,  496 


'T'AKETA,  F.:  wear  resistance  of  teeth; 

abrasion  method,  739 
Tea:  fluorine;  caries,  220 
TELFORD,  R.  F. :  dental  amalgam ; 

strength  and  phase  formation,  986 
TEN  CATE,  A.  R.:  histochemical  observa¬ 
tions;  developing  tooth  germ,  805* 
Testosterone:  salivary  gland  effects,  566 
Tetracalcium  monohydrogen  triphosphate  tri¬ 
hydrate;  calculus,  816* 

Thiamine  Cl-HCl:  acid  production;  salivary 
amylase  dextrinization,  343 
THOMSEN,  S.  0.:  mesiodistal  crowm  diam¬ 
eters;  deciduous  and  permanent  teeth, 
39 

Thyroid:  caries,  95,  382,  571,  880 
Thyroid  gland:  caries,  304 
Thyroid  hormone  analogue:  rat  incisor  den¬ 
tin,  813* 

Thyroxine:  salivary  gland  effects,  566 
Tin  compounds:  caries,  399,  780,  787 

- :  (see  also  stannous  fluoride) 

Tissue  reaction:  acrylic  root  tips,  27 
TONGE,  C.  H. :  oral  epithelial  differentia¬ 
tion;  developmental  stages,  806* 
TONOGAI,  K. :  calculus;  x-ray  analysis, 
653* 

- :  physico-chemical  studies;  calculus, 

653* 

Tooth:  germ;  histochemical  observations, 

805* 

- :  measurements;  radiographic,  641 

• - :  surfaces;  characteristics;  rotating  in¬ 

struments,  957 

- :  transplanted,  153 

Transeptal  fibers:  periodontal  disease,  249 
Transplanted  tooth  germs:  1,2,5,6-dibenz¬ 
anthracene  effect,  153 

TROMP,  S.  W. :  geographical  distribution; 

caries;  Netherlands,  795 
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vEver.watch  a  spider  spinning  its  web? 

Patiently,  he  weaves  one  gossamer  strand  upon  another, 
fashioning  one  of  Nature’s  finest  examples 
of  strength  from  structure. 


The  composition  jof  a  natural  tooth  is  another, 
and  more  familiar,  example  of  this  same  "natural  engineering.” 

The  strength  and  beauty  of  a  natural  tooth  depends  greatly 
upon  its  internal  structure  . . .  and  it  is  this  dense 
homoger>eous  structure  which  is  simulated  in 
Trubyte  Bioform  Vacuum  Fired  Porcelain  Teeth! 


Though  Nature  cannot  be  duplicated  exactly,  the  exclu 
Trubyte  Bioform  combination  of  porcelain  formulae, 
natural-blending  and  vacuum  firing  produces  a  porcelain 
substantially  devoid  of  air-pockets— the  stro 
most  lifelike  ever  offered  to  the  dental  professi 


CONVENTIONAL  AIR 
FIRED  PORCELAIN 


TRUBYTE  BIOFORM  VACUUM 
FIRED  PORCELAIN 


You  can  enjoy  the  benefits  of  Trubyte  Biof 
Vacuum  Fired  Porcelain,  in  both  anteriors 
posteriors,  simply  by  specifying  a  "B  For  Biof( 
Shade  on  your  next  denture  case. 


Note  in  these  two  photomicrogmphs  how  the 
denser,  more  homogeneous  structure  of  vacuum 
fired  porcelain  is  substantially  free  from  the  voids 
and  bubbles  found  in  conventional  porcelain. 


ACUUM  FIRED  PORCELAIN  Teeth 
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